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Species  Index  for  Volumes  I-V  of  the  Compilation  of  Data  Relevant  to  Gas 
Lasers",  September  1979.  These  six  volumes,  authored  by  E.W.  McDaniel 
and  other  personnel  at  Georgia  Tech,  Georgia  State  University,  the  Joint 
Institute  of  Laboratory  Astropnysics  (JILAJ,  and  theArmy  Missile  Command 
(MI COM),  were  published  as  MIRADCOM  Technical  Report  H-78-1  at  Redstone 
Arsenal,  Alabama. 

Volumes  I  and  II  were  prepared  in  the  context  of  the  two  most-used 
techniques  for  gas  laser  pumping:  electrical  discharges  and  high  intensity 
high  energy  electron  and  ion  beams.  Heavy  emphasis  was  placed  on  the  rare 
gases  and  halogens  (atoms,  molecules,  and  ions),  and  the  rare  gas-halides, 
although  a  significant  amount  of  material  on  other  species  was  Included. 
Volumes  III,  IV,  and  V  contain  much  information  relevant  to  electrical 
discharges  and  high  intensity,  high  energy  electron  and  ion  beams,  but  are 
oriented  toward  a  third  pumping  technique:  nuclear  pumping.  Since  nuclear 
reactions  may  also  become  interesting  in  some  form  of  hybrid  laser  where  the 
excitation  and  ionization  produced  by  the  reaction  products  might  be  used  to 
supply  electrons  for  an  electrical  discharge  laser  or  an  initiator  for  a 
pulsed  chemical  laser,  or  as  an  initiator  and  sustainer  for  a  continuous  wave 
(CW)  chemical  laser;  data  relevant  to  these  systems  was  also  included. 

The  present  volumes  serve  to  update  most  of  the  areas  covered  in  the 
previous  documents.  Those  areas  not  treated  here  are  considered  to  have 
been  adequately  dealt  with  earlier,  as  far  as  immediate  data  needs  are 
concerned.  However,  even  in  those  areas  where  new  data  are  not  presented 
here,  references  are  given  to  past  volumes  in  order  to  facilitate  access 
to  the  previous  data.  Another  function  of  the  present  work  is  to  expand 
somewhat  the  scope  of  our  data  coverage,  both  with  respect  to  atomic  and 
molecular  structural  properties  and  with  respect  to  atomic  collisions. 

New  species  and  sets  of  collision  partners  that  have  recently  assumed 
Importance  are  treated  here,  and  other  systems  that  may  become  important 
in  the  gas  laser  contex  are  given  attention.  A  significant  amount  of  new 
material  is  also  added  to  the  chapter  on  surface  Impact  phenomena,  partly 
because  of  current  Interest  in  hollow-cathode  lasers. 
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This  volume  and  the  suceeding  volume  are  the  seventh  and  the  eighth 
in  a  series  that  presents  data  relevant  to  research  and  development  in 
the  field  of  gas  lasers.  Volumes  I  and  II  are  entitled,  "Compilation 
of  Data  Relevant  to  Rare  Gas-Rare  Gas  and  Rare  Gas-Monohalide  Excimer 
Lasers",  December  1977.  Volumes  III,  IV,  and  V  comprise  a  "Compilation 
of  Data  Relevant  to  Nuclear-Pumped  Lasers",  December  1978.  Volume  VI 
provides  a  "Cumulative  Reactant  Species  Index  for  Volumes  I-V  of  the 
Compilation  oT  Data  Relevant  to  Gas  Lasers",  September  1979.  These  six 
volumes,  authored  by  E.W.  McDaniel  and  other  personnel  at  Georgia  Tech, 
Georgia  State  University,  the  Joint  Institute  of  Laboratory  Astrophysics 
(JILA),  and  the  Army  Missile  Command  (MICOM),  were  published  as  MIRADCOM 
Technical  Report  H-78-1  at  Redstone  Arsenal,  Alabama. 

Volumes  I  and  II  were  prepared  in  the  context  of  the  two  most-used 
techniques  for  gas  laser  pumping;  electrical  discharges  and  high 
intensity,  high  energy  electron  and  ion  beams.  Heavy  emphasis  was 
placed  on  the  rare  gases  and  halogens  (atoms,  molecules,  and  ions), 
and  on  the  rare  gas-halides,  although  a  significant  amount  of  material 
on  other  species  was  included.  Volumes  III,  IV,  and  V  contain  much 
information  relevant  to  electrical  discharges  and  high  intensity, 
high  energy  electron  and  ion  beams,  but  are  oriented  toward  a  third 
pumping  technique:  nuclear  pumping.  Since  nuclear  reactions  may 
also  become  interesting  in  some  form  of  hybrid  laser  where  the 
excitation  and  ionization  produced  by  the  reaction  products  might 
be  used  to  supply  electrons  for  an  electrical  discharge  laser  or 
an  initiator  for  a  pulsed  chemical  laser,  or  as  an  initiator  and 
sustainer  for  a  continuous  wave  (CW)  chemical  laser;  data  relevant  to 
.these  systems  was  also  included. 

^The  present  volume^  serve*  to  update  most  of  the  areas  covered  in 
the  previous  documents.  Those  areas  not  treated  here  are  considered 
to  have  been  adequate m deal t  with  earlier,  as  far  as  immediate  data 
needs  are  concerned.c^uch  areas  include  all  nuclear  processes,  and 
atomic  collisions  occurring  at  rhigh^  energies,  i.e.,  above  about 
100  eV  impact  energy.  However,  even  in  those  areas  where  new  data 
are  not  presented  here,  references  are  given  to  past  volumes  in  order 
to  facilitate  access  to  the  previous  data.  Attention  should  also  be 
called  to  another  document  that  may  prove  useful  to  those  requiring 
data--"Bibliography:  Sources  of  Informatibn  on  Phenomena  of  Interest 
in  Gas  Laser  Research  and  Development",  Technical  Report _Rtb7J-l,  by 
E.W.  McDaniel,  H.W.  Ellis,  F.L.  Eisele,  and  M.G.  Thackston,  January 
1977,  US  Army  Missile  Command,  Redstone  Arsenal,  Alabama.  A  second, 

updated  edition  of  this  bibliography  will  be  published  early  in  1981. 
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'  Another  function  of  the  present  volume  is  to  expand  somewhat  the 
scope  of  our  data  coverage,  both  with  respect  to  atomic  and  molecular 
structural  properties  and  with  respect  to  atomic  collisions  (by  the 


ions,  atoms,  molecules,  and  photons  at  impact  energies  sufficiently 
low  that  nuclear  forces  are  unimportant).  New  species  and  sets  of 


collision  partners  that  have  recently  assumed  importance  are  treated 
here,  and  other  systems  that  may  become  important  in  the  gas  laser 
context  are  given  attention.  A  significant  amount  of  new  material 
is  also  added  to  the  chapter  on  surface  impact  phenomena,  partly 
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Tabular  and  Graphical  Data  C-1.3.  Semi-empirical  (average)  cross  sections 
for  elastic  scattering  of  electrons  in  Kr . 
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979  (1979). 
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Tabular  Data  C-1.  5. 
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Tabular  and  Graphical  Data  C-1.6.  Serai-erapirical  total  scattering  cross  sections 

for  electrons  incident  on  Ne. 
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Tabular  and  Graphical  Data  C-1.7.  Semi-emplrlcal  total  scattering  cross 
sections  for  electrons  Incident  on  Ar. 
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Reference:  F.  J.  de  Heer,  R.  H.  J.  Jansen,  and  W.  van  der  Kaay,  J.  Phys .  B 
979  (1979). 
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Tabular  and  Graphical  Data  C-1.8.  Seml-empirlcal  total  scattering  cross 


sections  for  electrons  incident  on  Kr. 
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Reference;  F.  J,  de  Heer,  R.  H.  J.  Jansen,  and  W.  van  der  Kaay,  J.  Phys.  B 
979  (1979). 
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Tabular  and  Graphical  Data  C-1.9.  Semi-empirical  total  scattering  cross 
sections  for  electrons  incident  oaXe. 
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Tabular  and  Graphical  Data  C-l.lO.  Cross  sections  for  total  scattering  of 
electrons  incident  on  Hr. 
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Tabular  and  Graphical  Data  C-2.3.  Semi-empirical  cross  sections  for  electron 

impact  excitation  of  Kr. 
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Tabular  and  Graphical  Data  C-2.A.  Scmi-emplrical  cross  sections  for  electron 

impact  excitation  of  Xe. 


Electron 

Cross 

Electron 

Cross 

Energy 

Sect  ion 

Energy 

Sect  ion 

eV 

lO-'^m^ 

eV 

10"’^cm2 

20 

o.ano 

400 

0.465 

30 

1.34 

500 

0.395 

no 

1.32 

600 

0.344 

bO 

1.27 

700 

0.302 

60 

1.23 

800 

0.277 

70 

1 .21 

900 

0.252 

80 

1.18 

1000 

0.231 

90 

1 .16 

2000 

0.132 

100 

1.13 

3000 

0.0952 

150 

0.924 

4000 

0.0745 

200 

0.770 

300 

0.568 

Cont.  Next  Column 


Electron  Energy  (eV) 


Reference:  F.  J.  de  Heer,  R.  H.  J.  Jansen,  and  W.  van  der  Kaay,  J.  Phys .  B  1^, 
979  (1979). 


2919 


Tabular  Data  C-2,5.  Cross  sections  for  electron- 
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Tabular  and  Graphical  Data  C-2.7.  Cross  sections  for  electron-impact  excitation 
of  He  atoms  to  high-Rydberg  states, 
e  +  He  He 
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itir 

e  +  Ne  ♦  Ne 


Electron 

Cro33 

Electron 

Cross 

Energy 

Sect  ion 

Energy 

Section 

eV 

1  U  CD 

eV 

lO-'^m^ 

17 

0.0031 

160 

0.49 

22 

0.0^0 

180 

0.45 

a 

0.058 

220 

0.41 

0.32 

250 

0.37 

10 

0.50 

270 

0.35 

18 

0.61 

100 

0.33 

0.66 

57 

0.67 

68 

0.67 

89 

0.64 

100 

0.6  1 

12U 

0.56 

Cont,  Next  Column 


Electron  Energy  (eV) 


Reference  J.  A  Schlavone,  S  H.  Tarr.  and  R.  S.  Freund,  Phys.  Rev.  A  ^0,  71  (1979) 


123 


Cross  Section  (10 


Cross  Section  (10 


Tabular  and  Graphical  Data  C-2.11.  Cross  sections  for  electron-impact  excitation 
of  Xe  atoms  to  hlgh-Rydberg  states, 
e  +  Xe  -►  Xe** 
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Tabular  and  Graphical  Data  C-2.1A.  Rate  coefficients 
for  electron-impact  depopulation  of  He(n=“10)  as  a 
function  of  electron  temperature. 
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Tabular  and  C^raphical  Data  C-2. Lb.  Calculated  cross  section  for  electron- 


impact  deoxcitation  of  excinier  states  of  Krf. 
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Tabular  and  Graphical  Data  C-2.18.  Calculated  cross  sections  for  electron- 
impact  deexcitation  of  exciroer  states  of  XeF 
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Tabular  and  Graphical  Data  C-3.2.  Cross  sections  for  electron-impact 
dissociation  of  HCl  to  form  excited  fragments, 
e  +  HCl  H  (656.3  nm) 
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Reference:  G.  H.  Mohlmann  and  F.  J.  de  Heer,  Chem,  Phys .  W,  157  (1979) 
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Tabular  and  Graphical  Data  C-3.3.  Cross  sections  for  electron-impact 
dissociation  of  HBr  to  form  excited  fragments 


e  +  HBr  H  (656.3  nm) 
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Reference:  G.  R,  Mohlmann  and  F.  J.  de  Heer,  Chem.  Phvs .  157  (1979). 


Tabular  and  Graphical  Data  C-3.7.  Cross  sections  for  electron-impact 
dissociation  of  CF^  to  form  excited  fragments, 
e  +  CF^  -  F  (739.8  nm) 
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51  (1978). 


2992 


rros?.  Section  (10 


2943 


Cross  Section  (10 


-“18 

Cross  Section  (10  cm 


Tabular 


and 


Graphical  Data  C-3.U.  Cross  sections  for 
dissociation  of  CFjClj  to  form  excited 
e  +  CFjCl^  Cl  (837.5  nm) 
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Tabular  and  Graphical  Data  C-3.12.  Cross  sections  for  electron-impact 
dissociation  of  CFClj  to  form  excited  fragments, 
e  +  CFCI3  Cl  (837,5  nm) 
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Reference:  H.  A.  van  Sprang,  H.  H.  Brongersma,  and  F.  J.  de  Heer,  Chem.  Phys . 
51  (1978). 
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Tabular  and  Graphical  Data  C-3.13.  Total  dissociation  cross  sections  for  electrons 

incident  on 

e  +  ^20^  -►  product  ions 
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Tabular  and  Graphical  Data  C-3.15.  Cross  sections  for  electron-impact 
dissociation  of  propylene  to  form  excited  fragments. 
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Reference;  J.  M.  Kurepa  and  M.  D  Tasic,  Chem.  Phys .  38,  361  (1979). 
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Tabular  and  Graphical  Data  C-3.16.  Cro.a  sections  for  electron-i^pac 
dissociation  of  propane  to  form  excited  fragments. 

®  ■*  *1  (486.1  nm) 
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Reference:  J.  M.  Kurepa  and  M,  D.  Tasic.  Chem.  Phys .  38,  361  (1979). 
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Tabular  and  Graphical  Data  C-3.17.  Cross  sections  for  electron-impact 
dissociation  of  1-butene  to  form  excited  fragments, 
e  +  C^Hg  +  H  (486.1  nm) 
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Tabular  and  Graphical  Data  C-3.18.  Cross  sections  for  electron-impact 


dissociation  of  n-butane  to  form  excited  fragments. 
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Tabular  and  Graphical  Data  C-3.19.  Cross  sections  for  electron- 


impact  dissociation  of  H2  to  form  high-Rydberg  fragments, 
e  +  Hj  H** 
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Tabular  and  Graphical  Data  C-3.2A.  Cross  sections  for  electron- 
impact  dissociation  of  CH^  to  form  high-Rydberg  fragments, 
e  +  CH^  -  H 
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Reference  J.  A.  Schiavone,  S.  M.  Tarr ,  and  R.  S.  Freund,  J.  Chem.  Phys .  4468  (1979) 
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Tabul.ir  ,inci  Craphical  Data  C-i.2b.  Cro.ss  sections  for  t-lcrtron- 
impact  dissociation  of  CH^  to  form  hifth-Kydberp  f rapracnl  s  . 
e  +  CH^  »■  C 
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Tabular  and  Graphical  Data  C-3.26.  Cross  section  for  electron 


impact  dissociation  of  C2H^  to  form  high=RydberR  fragments, 
e  +  H.  H 
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Reference:  J.  A.  Schiavone ,  S.  M.  Tarr,  and  R.  S.  Freund.  J.  Chem.  Phys .  7^,  4A68  (1979). 


2960 


Tabular  and  Graphical  Data  C-3.27.  Cross  sections  for  electron- 


impact  dissociation  of  to  form  high-Rydberg  fragments, 

e  +  H 
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Tabular  and  Graphical  Data  C-3.28.  Cross  sections  for  electron- 
impact  dissociation  of  to  form  high-Rydberg  fragments, 

e  +  C2Hg  H 
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Tabular  and  Graphical  Data  C-3.32.  Cross  sections  for  electron- 
impact  dissociation  of  to  form  hlgh-Rydberg  products, 

e  +  .  H** 
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Reference:  J.  A.  Schlavone,  S.M.  Tarr,  and  R.  S.  Freund,  J.  Chem.  Phys,  70,  A468  (1979). 
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Tabular  and  Graphical  C-4.1.  Cross  sections  for  electron  impact  ionization  of  He 
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Tabular  and  Graphical  Data  C-4.2.  Gross  ionization  cross  sections 
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Tabular  and  Graphical  Data  C-A.4.  Gross  ionization  cross  sections  for 
electrons  incident  on  Kr . 
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Tabular  and  Graphical  Data  C-4.11a.  Calculated  cross  sections  for  electron-impact 

ionization  of  excited  states  of  Cd . 
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Tabular  Data  C-4.12.  Cross  Sections  for  electron  impact 
ionization  of  Hg. 
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Tabular  and  Graphical  Data  C-4.18.  Cross  sections  for  electron- impact  ionization  of  C2H^ 
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Uibulai  and  Graphical  Data  C-^i.l9.  Cross  sections  for  e lect ron- impact  ionization  of  SF 
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Tabular  and  Graphical  Data  C-4.20.  Cross  sections  for  electron-inipact 
ionization  of  C02^  ions. 
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Tabular  Data  C-4.21.  Appearance  potentials  for  electron-impact 
ioni.’ation  of  rare-gas  dimers. 
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Tabular  and  Graphical  Data  C-4.23.  Cross  sections  for  electron-impact  detachment  from  O’. 

Inclined  beams 

907.  confidence  limits  of  random  error 
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Tabular  and  Graphical  Data  C-4.24  Cross  sections  for  electron- 
impact  detachment  from  o’. 


Electron 

Cross 

Electron 

Cross 

Energy 

Section 

Energy 

Section 

eV 

10"''^cra^ 

eV 

10"'^ciii^ 

10.3 

4.51 

58.0 

5.85 

13.3 

5.54 

68.0 

5.64 

15.3 

5.63 

98.0 

5.16 

16.3 

5.69 

108 

4.88 

18.3 

5.18 

108 

4.80 

18.3 

5.56 

148 

4.09 

18.8 

5.51 

197 

3.71 

19.3 

5.44 

296 

2.88 

20.3 

5.98 

396 

2.28 

23.3 

6.26 

495 

1.89 

26.1 

6.18 

595 

1  .62 

28.1 

6.48 

694 

1.45 

33.3 

b.29 

794 

1.33 

38.0 

6.35 

990 

1 .18 

48.0 

6.04 

50. 0 

b  •  05 

I 


Cont.  Next  Column 


Reference:  B.  Peart,  R.  Forrest,  and  K,  T.  Bolder,  J.  Phys .  B  17,  847  (1979). 
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Tabular  and  Graphical  Data  C-4.25.  Cross  sections  for  electron- 
impact  detachment  from  C" . 

Inclined  beams 
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Reference:  B.  Peart,  R.  A.  Forrest,  and  K.  Dolder,  J.  Phys .  B  1^,  2735  (1979). 
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Tabular  and  Graphical  Data  C-6.2.  Total  electron  attachment  cross 

sections  for  CCl^F, 
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Tabular  Data  C-6.5.  The  effect  of  vibrational  and  rotational  excitation  on 
threshold  dissociative  attachment  cross  sections  in  and 

Tabular  Data  C-6.5a.  Experimental  ratio  of  threshold  dissociative  attachment 
cross  sections  for  vibrationally  excited  molecules  to  that  for 
molecules  in  the  vibrational  ground  state. 
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Tabul.ir  and  Craphical  Data  C-6.6.  Increase  in  dissociative  attachment 

cross  sections  in  SK.  due  to  vibrational  excitation  of  the  gas  prior 
o 

to  the  collision. 

a  Temperature  dependence  of  the  cross  section  for  dissociative 

attachment  tv)  SF,  to  form  SV  ~ .  Taken  from  Fig.  1  of  the  reference. 
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excites  the  vibrational  mode  of  SF^  to  produce  the 
enhanced  signal. 
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Tabular  Data  D-1 .2 

Branching  Ratios  and  Partial  Cross  Section  for 
the  Photoionization  of  Ar  3s 


Energy 

Measured 

Branching  ratio" 

Total 

Argon  3s 

intensity 

— 

photoionization 

photoionization* 

(eV) 

raiio^ 

3s 

3p 

cross-section  (Mb)" 

cross-section  a  ( Mb) 

3sl3p 

32.8 

0.031 

0.030 (  6) 

0.970  (  6) 

16.7 

0.500(100) 

33.8 

0.023 

0,022  (  9) 

0.978  (10) 

14.2 

0.310(127) 

35.8 

0.023 

0.022  (  8) 

0.978  (10) 

9.4 

0.210  (  75) 

37.8 

0.012 

0.016(10) 

0.983  (13) 

5.9 

0.094  (  59) 

39.8 

0.000 

0.000  (  4) 

1.000  (  4) 

3.7 

0.000  (  14) 

41.8 

0.012 

0.011  (11) 

0.989  (11) 

2.2 

0.024  (  24) 

44.8 

0.061 

0.057  (43) 

0.943  (44) 

1.25 

0.070  (  53) 

46.8 

0.103 

0.093  (35) 

0.907  (46) 

0.97 

0.091  (  34) 

49.8 

0.124 

0.102(40) 

0.826  (59) 

0.92 

0.094  (  37) 

51.8 

0.129 

0.106(68) 

0.782  (65) 

1.01 

0.110  (  70) 

54.8 

0.164 

0.123  (28) 

0.754  (40) 

1.19 

0.146  (  33) 

59.8 

0.226 

0.155  (38) 

0.685  (38) 

1.37 

0.213  (  52) 

64.8 

0.267 

0.177  (35) 

0.658  (42) 

1.45 

0.257  (  51) 

69.8 

0.266 

0.177  (37) 

0.664  (48) 

1.48 

0.262  (  55) 

74.8 

0.223 

0.153  (68) 

0.687  (68) 

1.48 

0.227  (101) 

Values  in  parentheses  represent  the  uncertainties  in  the  derived  quantities, 
f  This  represents  the  3r/3/>  intensity  ratio  corrected  for  analyzer  transmission  efficiency. 

'  Branching  ratio  (3j)  =  3i/(3s  +  ip  +  2*)  etc.  The  data  for  multiple  ionization  are  taken  from 
ref.  30.  This  correction  has  been  made  above  46.8  eV . 

0  From  data  of  West  and  Marr  . 

•  <j(Mb)  =  1.0975  X  lOW/df)  (eV)-‘. 


Note:  The  value  in  parentheses  represent  the  uncertainties. 

Reference:  These  data  were  taken  from  K.  H.  Tan  and  C.» E.  Brion,  J. 

Electron  Spectrosc.  1^,  77  (1978)  except  for  the  total  cross 
section  which  was  taken  from  J.  B.  West  and  G,  V.  Marr, 
Proc.  Roy.  Soc.  A  397  (1976). 
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Graphical  Data  0-1.3 

Ratio  of  direct  double  photoionization  to  single  ionization  for 
Xe 
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Photon  onorgy  (Pydl 


Graphical  Data  D-1.6 

Partial  photoionization  cross  section  for  C(3p)  leaving  the  ion 
in  the  a)  2s^2p  ^P,  b)  2s  Zp^  ‘*P,  c)  2s  2p^  ^D,  and  d)  2s  2p 
2$,  and  e)  2s  2p^  states. 
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Graphical  Data  D- 1 .7 

Partial  photoionization  cross  section  for  C(^D)  leaving  the  ion 
in  the  a)  Zs^  2p  ^p,  b)  2s  Zp^  ^D,  c)  2s  2p2  25,  and  d)  2s  2p2 
states. 
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Photon  energy  IRyd) 


Graphical  Uata  D-1.8 

Theoretical  total  photoionization  cross  section  for  N(''S)  in  length 
(L)  and  velocity  (V)  formulations  in  two  theoretical  approximations 
compared  with  various  other  experimental  and  theoretical  results. 
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Graph u.a  1  Data  D- 1 . 10 

Photo i on j za 1 1  on  cross  section  of  ground  state  N(  'S)  in  the  nei(ih- 
boriiood  of  the  (2s?p  S]np  'P  autoionizing  series. 
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Photoionization  cross  section  for  atomic  0.  (a)  Total  cross  section,  dashed  line  is  :veraaed  over 

resonances,  points  are  experimental,  (b),  (c),  (d)  are  details  of  the  resonance  regions. 
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Graph i ( a  1  Data  u- 1 . 1 ? 

Photoionization  cross  section  for  the  ground  ('P)  state  of  0  into 
the  ground  (  'S)  of  O’'". 
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Graph! ca  1  Data  D-1 . 14 

Photoionization  cross  section  for  the  ground  P  state  of  atomic  0  to  the 
■  P”  state  of  0  . 
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lalMilar  Data  D-I.lb 


I’hotoiiinization  Cross  Soctions  and  I^rarif  hi  nq  ihitins 
in  Various  Thoorotical  A|)|)roxip.ations  for  ( 


Sum  of  the  3/>  kd.k<<  cross  sections  at  various  energies  (In  10’’^  cm^i. 

With  relaxation  effects  Without  relaxation  effects 

Photon  lowest-order  HF  Correlated*  luowest-order  MF  Correlated* 
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Graphical  Data  D-1.1/ 

Relative  ('hntoioni zation  cross  section  of  atomic  Hg 
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Tabular  Data  D-1.18 

Photoionization  Cross  Sections  for  Sinniy 
Charqed  Positive  Inns 
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Reference:  The  above  data  were  taken  from  R.  F.  Reilman  and  S.  T. 
Manson,  Astrophysical  Jour.  Supp.  40,  815  (1979). 
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Tabular  Data  D-1 . 19 

Photoionization  Cross  Sections  for  Singly 
Charged  Positive  Ions 
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Accuracy:  These  theoretical  data  should  be  good  to  +20%  except  near 
thresholds  where  they  were  somewhat  worse. 

Reference:  The  above  data  were  taken  from  R.  F.  Reilman  and  S.  T. 
Manson,  Astrophysical  Jour.  Supp.  815  (1979). 


3027 


Tabular  Data  D- I . 20 
Photoionization  Cross  Section  for  Na^ 


Threshold  values  of  (Ne  n.  ’P°  -*  Ne  in.  SX. )  i"  megabams. 
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Graphical  Data  D-1.21  Phoioionisailon  cross  section  of  the  ground  state  ^P°  of  Neli.  The  averaged  value 
obtained  by  numerical  integration  over  the  resonances  3d",  5d'  and  65’  is  6  37  Mb. 
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Grdphicdl  D0t0  D-l  .22  Photoionisationcrossseclionofthe^roundstate^PofNeiH.  The  averaged  value 
over  (he  resonance  Sd'  is  3*95  Mb  and  the  averaged  value  over  (he  resonances  8s'  and  7d"  is 
4  75  Mb. 


Reference:  The  above  theoretical  data  were  taken  from  A.  K.  Pradhan, 
J.  Phys.  B  12,  3317T1979). 
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These  data  were  taken  from  C.  Backx,  G.R.  Wight,  and 
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En«i-gy  loss  (tV) 


Graphical  Data  D-2.2 

Photoabsorption  oscillator  strength  (cross  section)  for  H 
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F  for  production  of  various  states  of  F-'*'. 
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Graphical  Data  0-2.11 

Quantum  yield  of  ionization,  -i,  for  CO. 
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Tabular  Data  D-2. 12 

Branching  Ratios  in  the  Photoionization  of  CO 
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of  the  table.  Oscillator  strengths  in  (eV)"'  can  be  con¬ 
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Reference;  The  above  data  were  taken  from  A.  Hamnett,  W.  Stoll,  and 
C.E.  Brion,  J.  Electron  Spectrosc.  8,  367  (1976). 
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BRANCHING  RATfO  (%) 


Graphical  Data  D-2.13 

Partial  photoionization  cross  sections  and  branching  ratios 
for  production  of  various  states  of  C02'^  in  the  photoioniza¬ 
tion  of  CO2. 
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Graphical  Data 

Photodbsorpt ion  cross  section  of  CO  . 
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MET  refers  to  multiple  electron  transitions. 

These  data  were  taken  from  C.E.  Brion  and  K.H.  Tan,  Chem. 
Phys.  34,  141  (1978). 
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Tabular  Data  D-2.16 

Photoabsorption  and  Photofraqinentation  Oscillator 
Strenqths  (Cross  Sections)  for  CO 
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Reference;  These  data  were  taken  from  A.P.  Hitchcock,  C.E.  Brion 
and  K.J.  Van  der  Wiel,  Chem.  Phys.  45,  461  (1980). 


3048 


IONIZATION  YIELD  OF  CO 


O  O  o  oCDODOOD 
O 

O 


— ’  ■  i! 


O  SAMSON  a  CAIRNS 
J.  GEOPHYS.  RES.  70,  99  0964) 

•  P.  S.  NAKATA,  K.WATANABE  8  F.  M.  MATSUNA6A 
SCIENCE  OF  LIGHT  14,  54  (1965) 


Granhical  Data  D-?.17 


Quantum  yield  of  ionization  for  CO 


3i 


0  100  200  300  400  500  600 

X  (A) 


Graphical  Data  D-i'.l;'' 

Photoabsnrption  cross  S(;(:tion  for  N  0. 


Tdbul  ar  Data 

Photoabsorption  and  Partial  Photoionization  Oscillator 
Strengths  (Cross  Sections)  for  NO 
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rjote:  MET  refers  to  multiple  electron  transitions. 

Reference-  These  data  were  taken  from  C.E.  Brion  and  K.H.  Tan,  Chem 
Phys.  34,  141  (1978). 


3091 


IONIZATION  Yield  of  n 


Tabular  Data  Q-2.  23 

Photoelectron  Branching  Ratios  {%)  for  Various  States  in  the 
Photoionization  of  N  ,0  and  CO9 
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Note:  MET  refers  to  multiple  electron  transitions. 

Reference:  These  data  were  taken  from  C.E.  Brion  and  K.H.  Tan,  Chem. 
Phys.  141  (1978). 
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Reference : 


Tabular  Data  d-? .2b 

Phntnahsorption  Cross  Section  for  NO 
(Units  of  10”'  '  cm) 
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These  data  were  taken  from  J.  Berkowitz,  Photoabsorption , 
Photo  ionization,  and  Photoelectron  Spectroscopy"  (Academi^c 
Press,  New  York,  1979). 
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Quantum  yield  of  ionization  for  NO. 
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Tabular  Data  D-2.30 


Partial  Photoionization  Oscillator  Strengths 
(Cross  Sections)  for  the  Valence  Orbitals  of 
H,.0 
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Reference: 


These  data  were  taken  from  K.  Tan,  C.E. 
der  Leeuw,  and  M.J,  Van  der  Wiel,  Chem. 


Brion,  Ph.  E.  Van 
Phys.  299  (1978). 


3062 


OSCILLATOR  S'^^REMGTm  (O 


Graphical  Data  D-2.31  Spectroscopy  Data  for  H2O. 

Reference;  These  data  were  taken  from  K,  Tan,  C.E.  Brion,  Ph.  E.  Van 

der  Leeuw,  and  M.J.  Van  der  Wiel,  Chem.  Phys.  229  (1978). 
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Graphical  Data  0-2.34 


Photoabsorption  {  ■,)  and  photoionization  (oi)  cross  sections  for 
NH  ■  . 
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Tabular  Data  D-Z.T? 


Photoabsorption  and  Partial 

(Cross 


Photoionization  Oscillator  Strengths 
Sections)  for  NHj 


Energy  ( e  V) 
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''  d/'/df  lui  3fli  can  still  be  computed  below  19  eV  where  //i  <  1  from  the  raw  data  using  d/D/d£  and 
the  ionization  data  where  //,  1, 

'  Partial  ionization  cross-sections  (Mb)  may  be  obtained  by  multiplying  by  a  factor  109.75. 


Reference:  These  data  are  from  C.E.  Brion,  A.  Hamnett,  G.R.  Wight,  and 
M.J.  Van  der  Wiel  ,  J.  Electron  Spectrosc.  12,  323  (1977). 
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Tabular  Data  D-2.38 

Photoabsorption  and  Photoionization  Oscillator  Strengths 
(Cross  Sections)  for  NH , 
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Reference:  These  data  are  from  G.R.  Wight,  M.J.  Van  der  Wiel,  and 
C.E.  Brion,  J.  Phys.  B  10,  1863  (1977). 
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Tabular  Data  D-?.39 

Photoelectron  Branching  Ratios  (  )  for  Vu  os 
States  in  the  Photo  ionization  of  '([• 
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Reference:  These  data  are  from  C.f.  Brion,  A.  Hamnett,  G.P.  Wieht,  and 
M.J.  Van  der  Wiel  ,  '.1.  Electron  Spectrosc.  1?,  323  (  1  977  ). 
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These  data  were  taken  from  J.  Berkowitz,  Photoabsorption , 
Photoionization,  and  Photoelectron  Spectroscopy  (Academic 
Press,  New  YoVk,'l979T. 
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IONIZATION  YIELD  OF  CH 


Graphical  Data  0-2.43 

Quantum  yield  of  ionization  for  CH,, . 
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Graphical  Data  D-2.44 

Partial  photoionization  oscillator  strengths  (cross  sections)  for 
production  of  the  (It;,)"'  and  (2aj)"'  states  of  in  the  photo¬ 
ionization  of  CH;.  . 


3076 


(OglS 

(cr.lS 


3077 


Photoabsorption  cross  section  of  ^2^2. 
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Graphical  Data  D-2.‘to 

Quantum  yield  of  ionization,  m’ ,  for  C  .H  . 
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Graphical  Data  D-2.51 


Quantum  yield  of  ionization,  ni ,  for  C2H6 . 
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Graphical  Data  D-2.52 

Photoabsorption  cross  sections  of  the  alkanes 
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Graphical  Data  D-2.53 
Photoabsorption  cross  section  of  0^85. 
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Graphical  Data  D-2.57 

Cross  sections  for  various  emissions  from  HCN  photodissociation. 
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Graphical  Data  D-2.58 

Photoabsorption  cross  section  of  HCN  with  the  positions  of  various 
electronic  states  indicated. 
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Graphical  Data  D-2.60 

Photoabsorption  cross  section  of  HONO2  (nitric  acid) 
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Graphical  Data  D-2.63 

Photodissociation  cross  sections  for  three  trimethylbenzene  isomers 
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Graphical  Data  D-2.64 

Relative  photoabsorption  cross  section  of  Br-,  decomposed  into 
'B  ,  X  •  A  ^  and  X  n  i  ■: 
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Graphical  Data  D-2.65 

Relative  photoionization  cross  sections  of  CO-:,  for  production  of 
various  ions. 
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Graphical  Data  D-2.66 

Relative  photoionization  cross  sections  of  N2O  for  production  of 
various  ions. 
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Graphical  Data  D-2.70 

Relative  photoionization  efficiency  for  Cz~  production  and  CFCj!.2^  in  the  photoionization 
of  CFC?,3. 
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Graphical  Data  D-2.71 

Relative  photoionization  cross  sections  for  CH3COCH3 
and  CD3COCD3. 
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Graphical  Data  D-2.72 

Relative  photodissociation  cross  section  of  02^. 
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Graphical  Data  D-2.73 

Relative  photodissociation  cross  sect 
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Graphical  Data  3.1 


Vertical  photoionization  cross  section  of  the  excimer  state  of 

Arn  calculated  at  R  *  4.8a  . 
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Relative  photoionization  cross  sections  for  CO  monomers  and  dimers  at  245K. 
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Graphical  Data  D-3.3 

Relative  photoionization  cross  sections  for  various  dimers  (clusters) 
of  CH.COCH,  and  CD^COCD, 
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(3507 

Note:  Ne^^  and  Ar^'*’  were  measured  at  10  Td, 

Reference:  These  data  were  taken  from  L.  C. 
Rev.  A  J9,  2329  (1979). 


and  Kr^'*’  and  Xe^"'’  at  20  Td. 
Lee  and  G.  P.  Smith,  Phys. 
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Graphical  Data  D-3.7 


Photodi ssociation  cross  sections  for  Ar2 
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Graphical  Data  D-3.8 

Photodissociation  cross  section  for  Kr2^ 
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Photodi ssociation  cross  sections  for  • 
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Graphical  Data  O-J.IO 


Partial  photodissociation  cross  section  for  HeH^  by  electronic  excitation 
from  the  vibrational  level  (a)  v  =  o  and  (b)  v  =  8  (with  i  =  1). 
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Graphical  Data  D-4.1 

Photodetachntent  cross  section  for  O'  placedon  an  absolute  scale  by  normal 
ization  to  O'  and  O'. 
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Graphical  D-4.k' 


Photodetachment  cross  sections  for  OH'  and  OD  measured  in  0;  and  He. 
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rir8[)hical  Data  D-4.3 

Photodetachment  cross  section  for  O'  placedon  an  absolute  scale  by  normal- 
izinq  to  D"  and  O'. 
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Graphical  Data  D-4.4 


Photodetachment  cross  section  for  thermal  NO-,'  and  NO-.'.HoO 


Graphical  Data  D-4.5 

Measured  and  calculated  photodissociat  ion  cross  section 


Graphical  Data  0-4.6 

Photodissociation  cross  section  for  Ct?". 
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Graphical  Data  D-4./ 

Photodestruction  cross  section  of  03".  The  predominant  process  observed 
is  photodissociation  into  0"  +  0->. 
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Graphical  Data  D-4.8 
Photodestruction  cross  section  for  O3-. 
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Graphical  Data  D-4.9 
Photodestruction  cross  section  for  O/j'. 
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Graphica I  Data  D-4. 10 

Photodestruction  cross  section  for  02'.N0. 
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Graphical  Data  D-4.11 

Photodestruction  cross  section  for  0p~-  H 
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Graohical  Data  D-4.12 


Photodestruction  cross  section  for  0,'-H 
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Photodcstruction  Cross  Section  Upper  Limits 
for  NOp”,  NOj",  O.'-NO,  and  Hydrates 
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The  above  data  were  taken 
and  P.  C.  Cosby,  J.  Chem. 


from  G.  P.  Smith,  L.  C. 
Phys.  71,  4468  (1979). 


Lee, 
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were  taken  from  L.  C.  Lee, 
Cosby,  and  J.  A.  Guest,  J. 


G.  P.  Smith,  J. 
Chem.  Phys.  70, 
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T a ble  E-1.1.  Sources  of  Electron  Mobility  Data  Not  Presented  in  Previous  Volumes . 


ELECTRON  MOBILITY 


Gas 

Est.  Gas 

Temp  (“  K) 

Approx.  E/N  (Td) 

Ref. 

Cs 

310  -  414 

4  -  110 

10 

566  -  725 

1-50 

2 

Hg 

468  -  608 

0.07  -  14 

8 

Na 

724  -  862 

2-70 

8 

T1 

1213  -  1273 

0.6  -  15 

8 

Xe  (high  density)  163  -  288 

10“'^  -  0.2 

6 

CH^  (high  density)  91  -  193 

10'^  -  0.2 

5 

BF3 

300 

5-70 

1 

C  Ho  ,0 
n  2n+2 

(n  =  2,3,4) 

298  -  673 

0.01  -  10 

7 

C(CH3)^ 

298  -  673 

0.01  -  10 

7 

CCIF3 

300 

2-30 

3 

CH2CI2 

300 

2-30 

3 

CH3CI 

300 

2-30 

3 

C2H3CI 

300 

2-30 

3 

C^HgBr 

300 

2-30 

3 

He  -  F2  MIX 

300 

3-15 

9 

N2  -  CO2  MIX 

300 

3  -  93 

11 

Xe  -  CF^  MIX 

296 

0.3  -  10 

4 

Xe-C2H2  MIX 

296 

0.3  -  10 

4 

Xe-CF^-C2H2 

MIX  296 

0.3  -  10 

4 

*A  substantial  amount  of  electron  swarm  data  has  already  been  presented  in 
previous  volumes:  see  pages  717-732  of  Vol.  II  and  pages  2081-2108  of  Vol.  V. 
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•  lb  If  K-1. 

2.  Source's  of  KlecLron  Diffusion  Data  Not  Presented 

in  Previous 

Volumes . 

ELECTRON 

DIFFUSION 

Gas 

Data 

Approx.  E/N  (Td) 

Ref 

He 

D.p/K,  , /N 

3  -  847 

1 

Ar 

Dr^  /  K  ,  u  /  N 

8  -  1271 

1 

CO 

D.^/K 

5  -  350 

3 

NO 

D.j,/K,  a/N 

56  -  1412 

1 

CO  2 

D.j,/K 

5  -  180 

3 

D.j/K, 

30  -  5000 

2 

CH4 

Drj,/K  ,  u/N 

14  -  5650 

1 
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Table  E-2.1. 

Ion 

Sources  of  Ion  Mobility  Data  Not  Presented  in 

I'revious 

Volumes . 

Ions  in  Helium 

Gas  Temp  ("K)  Approx.  E/N  (Td) 

Ref  (s' 

H+ 

300 

5  -  60 

17 

300 

5  -  70 

17 

He'*' 

77  -  700 

low-field 

5,  28,  30 

Li'*' 

20  -  500 

low  field 

16 

c'*' 

297 

5  -  110 

9 

Na"^ 

90  -  480 

low  field 

32 

s'*" 

297 

5  -  110 

9 

Ti'^ 

300 

low  field 

18 

Cd^ 

526 

low  field 

20 

Cs'^ 

80  -  490 

low  field 

32 

Th"*" 

300 

low  field 

18 

Ne 

300 

15  -  90 

19 

A  ++ 

Ar 

305 

10  -  100 

19 

Kr^ 

305 

10  -  90 

19 

Xe^ 

302 

10  -  90 

19 

Het 

293 

5-40 

15 

2 

120  -  700 

low  field 

30 

Net 

300 

5-50 

3 

2 

77  -  300 

low  field 

8 

HeNe''' 

? 

low  field 

33 

(CH  )  + 

300 

5  -  100 

36 

(n  =-1,2, 3, 4, 5) 

SO2F2 

300 

low  field 

31 

S02F2- (SO2) 

300 

low  field 

31 

F"- (SF^) 

300 

low  field 

31 

* 

A  substantia] 

amount  of  ion  swarm  data 

has  already  been  presented  in  previous 

volumes:  sec  pages  733-748  of  Vol.  11 

and  pages  2109-2116 

of  Vol . 

V. 
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Table  E-2.1  (continued) 
ION  MOBTl/I'I'Y 


Ions  in  Neon 


Ion 

Gas 

Temp 

("K) 

Approx.  E/N  (Td) 

Ref  ( 

77, 

200, 

300 

low 

field 

8 

Ne'^ 

77, 

200, 

300 

low 

field 

5 

Ar+ 

77 

10 

-  20 

15 

Xe+ 

303 

20 

-  140 

19 

303 

20 

-  140 

19 

He2 

300 

5 

-  50 

3 

Net 

77 

10 

-  55 

15 

z 

77, 

200, 

300 

low 

field 

5 

< 

300 

low 

field 

24 

Ions 

in  Argon 

Ar+ 

77 

15 

-  90 

15 

77, 

200, 

300 

low 

field 

5 

K+ 

291, 

400, 

460 

low 

field 

16 

Ar^ 

77, 

200, 

300 

low 

field 

5 

«3 

300 

10 

-  110 

25 

ArH'^ 

300 

30 

-  110 

25 

Ar2 

77 

50 

-  100 

15 

H30'''-  (H2O) 

n 

337 

low 

field 

38 

n  =  1.2,3 

ReO^ 

295 

15 

-  200 

4 

ReO” 

295 

15 

-  200 

4 

(WO3); 

295 

25 

-  160 

4 

n  =  1,2,3 

337 

30 

-  110 

38 
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Table  ^-2.]  (continued) 
ION  MOBILITY 


Ions  in  Krypton 


Ion 

Oas  Temp  C K) 

Approx 

i:/N  (Td) 

Ref (s ) 

1  OW 

field 

26,  37 

4- 

ion 

S  - 

500 

35 

R'-  ' 

I'lS  - 

1  oc; 

f  i  t-  1  cl 

16 

f 

2 'IS 

s  - 

1  70 

1  2 

Ions  in 

Xenc'n 

» 

I.! 

291 

!  ov. 

r  i  .•  i  d 

26,  i; 

i. 

\  i 

On  ■ 

f 

1 : 1 

,  1 
s 

200  -  ISO 

1  I'W 

I'i  oM 

1  '1 

300 

40  - 

2  30 

) 

200  -  300 

low 

field 

14 

,  + 

\e  , 

200  -  300 

1  OW 

field 

14 

Ions  in 

Hydrogen 

77,  19S,  300 

1  OW 

field 

6 

4- 

H-^0 

300 

5  - 

140 

6,  13 

lable  E-2.  I  (continued) 
ION  MOBILITY 


Ions  in  Nitrogen 


Ion 


Gas  Temp  (‘'K)  Approx.  E/N  (Td)  Ref(s). 


Na'^ 

291 

low 

field 

26,  37 

^2 

300  - 

640 

low 

f  ield 

10 

no"'' 

300  - 

640 

low 

f  ield 

10 

Cl' 

340  - 

470 

low 

field 

12 

Cl' 

300  - 

470 

low 

field 

12 

NO' 

215  - 

675 

low 

field 

11 

no" 

215  - 

675 

low 

field 

11 

CO' 

215  - 

675 

low 

field 

11 

Ions  in  Oxygen 

Na'*' 

304 

5  - 

■  500 

34 

Cl' 

330  - 

470 

low 

field 

12 

CI2 

300  - 

470 

low 

field 

12 

300 

low 

field 

27 

CO' 

300  - 

470 

low 

field 

12 

SF- 

300 

low 

field 

31 

300 

low 

field 

31 

Ions  in  Carbon  Dioxide 

Li^ 

7 

35 

-  350 

21 

307 

25 

-  900 

34 

4 

7 

40 

-  400 

21 

no'*' 

7 

30 

-  400 

21 

i 
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I  able  E-2.1  (concluded) 
ION  MOBILITY 


Ions  in  Methane 


Ion 

Gas  Temp  (''"K) 

Approx.  E/N  (Td) 

Ref  (s) 

Li"^ 

30A 

10  -  600 

34 

SF-3 

300 

low  field 

31 

300 

low  field 

31 

Ions  in 

Sulfur  Hexafluoride 

SF- 

300 

5  -  lAO 

29 

300 

5  -  140 

29 

sf;- 

(SF,) 

300 

20  -  120 

29 

(SF^), 

300 

20  -  120 

29 

Ions  in  Metal  Vapors 


Gas  Temp  CK)  Approx.  E/N  (Td) 


Rb"'  - 

Rb 

621 

85  -  340 

23 

Rbt  - 

Rb 

621 

85  -  340 

23 

Cs'^  - 

Cs 

580  -  650 

20  -  480 

7,  23 

Cs^  - 

Cs 

580  -  650 

60  -  480 

7,  23 

H/- 

Hg 

350 

500 

low  field 

210  -  570 

1 

22 

Hg2 

500 

110  -  325 

22 
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Table  K 


S^o iir ta- s  oC  Ion  Diffusion  Data  Not  Presented  in  Previous  Volumes. 


ION  DIFFUSION 


Ion  -  Gas 

Measured 

Quantity 

Gas  Temp 
("K) 

Approx.  E/N 
(Td) 

Ref. 

He'*'  -  He 

D 

293 

low  field 

2 

He2  -  He 

D 

293 

low  field 

2 

(CH  -  He 

n 

Dl 

300 

5  -  100 

4 

n  =  0,1, 2, 3, 4, 5 

Na'*'  -  Kr 

\ 

300 

5  -  500 

3 

Na'^  -  Xe 

300 

5  -  400 

3 

^3  -  ^2 

Dp 

300 

10  -  100 

1 

<  -  ^2 

Dp 

300 

10  -  100 

1 

0+  -  02 

°T 

300 

10  -  500 

1 

CO'^-CO  -  CO 

Dp 

300 

10  -  130 

1 

ReCerencGS  to 

Sources  in  Table  E-2.2 

1.  S.  R.  Alger,  T. 

Stef ansson , 

and  J .  A.  Rees ,  J . 

,  Phys.  B  U,  3289 

(1978) 

2 .  R .  Deloche ,  P . 
U,  1140  (1976) 

Monchicourt , 

M.  Cheret,  and  F. 

Lambert ,  Phys .  Rev 

.  A 

3.  M.  G.  Thackston,  M.  S.  Sanchez,  G.  W.  Neeley,  W.  M.  Pope,  F.  L. 

Eisele,  I.  R.  Gatland,  and  E.  W.  McDaniel,  J.  Chem.  Phys .  73,  2012  (1980). 


4.  R.  Thomas,  J.  Barassin,  and  A.  Barassin,  Inti.  J.  Mass  Spectrom.  and 
Ion  Physics  31,  111  (1979). 
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.  tciui'.  to  loti  'I'rtinsport  l)at;i  Appearing  in  Compilations 
111!  II.  lAtomic  Data  and  Nuclear  Data  Tables  17,  177 
I  1'.'  '  ;  17')  (  1978)].*  ~ 


M..i.  I  I  i  t  D-  j  W 


Ar* 

In 

r  . 

I  ■ 

(  In 

Ar 

.  II 

-  pg.  191 

Hr'*'  in  Ne. 

.  I 

-  pg. 

195 

1  n 

lin  . 

I 

IMS 

In 

(  0 

.  II 

-  PR.  209 

1120'^  1 

In  tie.  II  -  pg.  188 

Ar  ■ 

^  In  .-M 

.  I 

In 

rn 

2-  - 

pg.  204 

1130'*’  In  He.  II  -  pg.  188 

A  r  ‘ 

Vi 

■ '  1  1)  A  r 

.  r  I 

> 

i  n 

.  11 

-  pg.  200 

In  N2.  II  -  pg.  201 

Ar‘ 

')  In  Ar 

.  1 1 

PR- 

in 

He 

.  II 

-  pg.  187 

H30'*'-H20  In  He.  II 

-  pg. 

188 

Ar  T 

*  111  Ar. 

,  I 

-  py.- 

IQM 

In 

Kr 

.  II 

-  pg.  196 

In  N2.  11 

-  pg- 

201 

ArH 

*  1, 

1  Hp. 

I 

*  PK- 

187 

In 

N2. 

.  It 

-  pg.  201 

H30*’-21l20 

In 

He.  II  -  pg 

.  188 

Br" 

In 

Ar  . 

1 1 

^  PK- 

19A 

1  n 

Ne. 

.  11 

-  pg.  191 

In 

N2.  II  -  pg 

.  201 

In 

I!.‘. 

1 1 

-  pr,  ■ 

190 

1  n 

O2. 

.  11 

-  PR.  203 

r  in 

Ar. 

II 

-  Pg- 

194 

C'*’ 

I  n  f 

0.  1 

:  - 

PR.  ?nH 

1  n 

Xe. 

.  II 

-  pg.  198 

in 

He. 

II 

-  Pg- 

190 

CH^ 

In 

1  He. 

I 

-  PR. 

190 

0'^ 

In  D2 . 

I  - 

pg. 

202 

ir*"  in 

Ar . 

I  - 

Pg- 

197 

C2H 

r  ‘ 

n  Hp 

I 

-  PR 

.  192 

In  He. 

I  - 

pg. 

184 

in 

CH4. 

11 

-  pg-  204 

CHjOj'*' 

In  He. 

I  -  PR.  190 

in  No . 

I  - 

Pg- 

195 

In 

CO. 

I  - 

pg. 

207 

cr 

In 

Ar . 

II 

(2)- 

PR.  19). 

1  n 

02. 

I  - 

■  pg. 

202 

In 

CO2. 

I 

-  pg. 

209 

in 

He. 

I  - 

190, 

II-  190 

F~ 

in  Ar . 

II  ■ 

-  pg 

.  194 

in 

02. 

1  - 

pg. 

203 

In 

Kr. 

II 

-  PR- 

196 

In  He. 

II  . 

-  pg 

.  190 

in 

H2. 

I  - 

Pg- 

202 

1  n 

Ne. 

II 

-  PS- 

192 

In  Kr. 

II  ■ 

-  pg 

.  196 

in 

He. 

I  - 

Pg- 

183 

In 

Xp. 

II 

-  Pg. 

198 

In  Xe. 

II  . 

•  P8 

.  198 

in 

N2. 

I  - 

Pg. 

204 

CO"^ 

in 

CO. 

I  - 

Pg. 

207 

iT 

In  H2. 

I  - 

pg- 

200 

In 

NO. 

I  - 

pg. 

208 

In 

Ho. 

I  - 

pg. 

186 

In  He. 

I  - 

pg. 

184 

in 

Ne. 

I  - 

Pg. 

195 

CO^'*'  in 

Ar. 

I 

-  pg- 

198 

in  Ne. 

1  - 

Pg- 

194 

in 

O2. 

I  - 

pg. 

205 

i  n 

He. 

I 

-  pg. 

188 

H* 

In  H2. 

I  - 

Pg. 

200 

in 

Xe. 

11 

-  Pg- 

197 

i  n 

N^. 

I  - 

20.'. , 

11  (2)  201 

in  He . 

I  - 

pg- 

190 

Kr'*'  in 

1  Ar. 

II 

-  pg 

;.  193 

in 

Nn  .*  I  I 

-  PR 

.  193 

H2+ 

I  n 

He. 

I  - 

Pg- 

186 

in 

He. 

II 

-  pg 

..  187 

CO  3" 

In 

Ar. 

I 

-  pg. 

199 

Hi* 

1  n 

H2. 

I  - 

Pg- 

200 

in 

Kr. 

I  ■ 

-  Pg- 

199,  11-195 

In 

CO  2 

.  I 

-  pg 

.  209 

In 

He. 

I  - 

Pg- 

187 

Kr'*'  In 

Kr. 

11 

-  pg 

.  196, 

197 

In 

He. 

I  ■ 

-  pg. 

192 

Ho''’ 

I  n 

He, 

I  - 

Pg- 

184 

Kr*  in 

N.. 

11 

-  pg 

.  202 

1  n 

0- 

I  • 

-  pg. 

206 

Ho^*-  In 

Ho 

.  II 

-  pg.  189 

Kr2*  In  Kr 

.  I 

-  pg 

.  200 

COi" 

1  n 

02 . 

I  ■ 

-  pg. 

207 

He  2 

^  in 

He 

.  I 

-  pg 

.  186 

Kr^*(A)  in 

Kr 

.  II 

-  pg.  197 

C2O2 

1  in  CO 

.  I 

-  pg 

.  207 

Heir*'  In 

Ho 

.  II 

-  pg-  189 

Kr^'''(P.)  In 

Kr 

.  II 

-  pg.  197 

COH^  In 

Ar . 

I  ■ 

-  pg. 

198 

Hg-H 

In 

Ar . 

I  - 

pg. 

197 

Ll'*^  In 

Ar. 

I  ■ 

-  pg. 

196 

In 

He. 

I  - 

■  pg. 

188 

in 

He. 

1  - 

pg- 

183 

in 

02. 

I  - 

-  pg- 

202 

Note:  I  refcr.s  to  Ellis,  et  al.  ,  ADNDT  iJ ,  177  (1976);  II  to  Ellis, 

et.  al.,  ADNDT  179  (1978). 
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lable  E-2.3  (continued) 


Mobilities  (K)  (continued) 


LI'*’  In  H2.  I  -  pg.  201 

NH^'*'  In  He.  I  -  pg.  189 

O3"  In  He.  I  -  pg.  191 

In  He.  I  -  pg.  183 

In  Nj.  I  -  pg.  205 

in  O2.  I  -  pg.  206 

In  N2.  II  -  pg.  200 

N2H'*'  In  N2.  I-  203,  11-202 

0/*  in  O2.  I  -  pg.  205 

in  Ne.  I  -  pg.  19A 

NO'*'  In  He.  I  -  pg.  187 

OH  In  He.  1  -  pg.  191 

in  O2.  n  -  pg.  203 

In  NO.  1  -  pg.  208 

In  He.  I  -  pg.  138 

FT  in  Nj.  I  -  pg.  204 

N0'*^-H20  In  He.  I  -  pg.  189 

02H2'*'  In  He.  I  -  pg.  189 

In  He.  I  -  pg.  184 

N20'''  In  Ar.  II  -  pg.  193 

Rb'*'  In  Ar.  I  -  pg.  197 

H2'*'  In  He.  I  -  pg.  I86 

in  He.  II  -  pg.  189 

in  CO2 .  I  -  pg.  208 

In  N2.  I  -  pg.  202 

N20'‘'  In  N2.  II  -  pg.  202 

in  83.  II  -  pg.  200 

N3'*’  In  N2.  I  -  pg.  204 

In  Ne.  II  -  pg.  191 

in  He.  I  -  pg.  83 

K4+  in  N2.  II  -  pg.  202 

NO2  In  He.  I  -  pg.  192 

in  Kr.  II  -  pg.  195 

Na"*  In  Ar.  I  -  pg.  196 

N2O2'*’  In  NO.  I  -  pg.  201 

in  N3.  II  -  pg.  200 

in  CO2.  I  -  pg.  209 

N20ir*'  in  Ar.  I  -  pg.  199 

in  Ne.  1  -  pg.  194 

In  D2.  I  -  pg.  e02 

In  He.  1  -  pg.  189 

in  O2.  II  -  pg.  203 

In  83.  I  -  pg.  201 

O'*"  In  Ar.  I  -  pg.  197 

in  Xe.  II  -  pg.  198 

In  He.  I  -  pg.  183 

in  He.  I  -  pg.  185 

SFs"  in  He.  I  -  pg.  193 

In  Ne.  I  -  pg.  19., 

0  In  CO2 .  I  —  Pg *  209 

Sff^~  in  He.  I  -  pg.  193 

Ne'*'  in  He.  II  -  pg.  187 
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In  Ne.  I  -  pg.  195 
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Longitudinal  Diffusion  Coefficients  (Dj^) 


Cl" 
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-  pg- 
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C02 
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-  PR 

.  215 

D+ 

In 

03. 
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pg. 
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-  pg- 

209 

In 

«2- 

II  - 
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Dj. 
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In 
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In 
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In 

H2. 

II  - 
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210 

in 

CO. 

II  - 
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214 

in 

03. 

II  - 

pg- 

213 

H~ 

In 

«2- 

II  - 

pg- 

211 

in 

Xe. 

II  - 

pg- 

210 
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Table  E-'<^.3  (concluded) 
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pg- 
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II 

-  pg. 
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in 
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II 

-  pg- 

213 

in 
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II  - 
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in 
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II 

-  pg- 

213 

In 

Xe. 

II 

-  pg- 

209 

no"** 

in 

NO. 

II  - 

pg- 

214 

in 

Xe. 

II 

'  PR. 

209 

Transverse  Diffusion 

Coeff 

icients  (D.^.) 

■  In  Hj. 

II 

-  pg 

.  216 

K* 

in 

N2. 

II  - 

pg. 

216 

"2" 

in 
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IT 

-  PR. 

216 

In 

«2- 

II 

-  pg. 

216 

N* 

in  1 
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II  - 

pg 

216 
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in 

°2- 

II 

-  pg. 
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IM'lKonCCriON 


SpyiL  te  r  In^  Y  i  1  d  .  Is  di'f'iiH'cf  js  tiu'  iiunilu-f  ol  [irpit.  .itiu'is  rrni'Vcd  |>it 
projectile  atom  incident.  It  is  measured  as  a  luiutiiin  oi  im Merit  nrejeetile 
enL-rp,y  and  as  a  function  of  projectile  incidence  anc.li-  ini  the  surfaci-.  I'nless 
citlKTwise  indii'ated  the  yields  preirented  are  for  normal  inciilence. 


Angular  Dependence.  Yield  Increases  rapid  I  v  with  increasin;’  iiicidenfe 
anjtle  (measured  between  projectile  impact  direction  and  tarp.et  surfaL-i-  norr.ial. 
For  heavy  particles  (mass  >  A  aii'u  )  the  vit-ld  Y  increases  as 


Y(s,) 


Y(0) 


_ 1_ 

Cos  0 


Vv’here  i  is  incidence  anple  and  Y(0) 


is  the  vield  at  normal  incidenci' 


(-0  ). 


State  of  tlie  Sputtered  Species.  From  a  mcmatomic  target  tlie  ejected 
particles  are  ^enerallv  neutral  .atoms  witli  small  fractions  of  ions  and 
multimers  (10~^  to  10~'^)  of  eaeli  species  mav  he  excited.  While  tht're  is 
much  information  on  cliarge  and  (piantum  states  this  is  poorlv  digested  ana  is  net 
reproduced  here. 

Kncrgy  of  Sputtered  Species.  For  lieavy  particU'  impart  where  ejection 
results  from  a  collision  c.ascade  the  yii'ld  of  sputteri'd  particles  Y(r)  as  a 
function  of  ejected  particle  energy  F  often  follews  the  equal  ic'ii 

V(F)  a 

(H+i:i^)“  (i+F/Fn) 

Here  Fy  is  ttie  binding  energy  of  the  ejected  atom  wliile  it  was  in  the  lattice, 
and  may  be  approximated  by  sub  1  imat  ion  (.‘nergi.'  found  in  m/niv  standard  reference 
books . 


Topograpli  i  cal  Changes.  It  is  well  known  that  sputtering,  of  a  surface  cause 
clianges  to  topograpliy  resulting  in  such  features  as  cones,  ripples  and  faceted 
pits.  Cones  are  due  sometimes  to  impurity  particles  having,  a  low  sputtering 
coefficient  which  protects  tlie  underlving  substrate.  Tiieso  various  features  are 
also  often  associated  witli  preferential  etching,  of  different  crys  ta  1  logvapii  i  c 
faces  of  polycrvstal 1 ine  materials.  Selective  etching  at  grain  boundaries  and 
defects  is  also  known. 

Sputtering  of  Alloys  and  Compounds.  The  data  we  present  are  for  monatomic 
(generally  metallic)  polycrvstall ine  ma '  als.  In  the  sputtering  of  alloys  or 
compounds  one  anticipates  first  .i  dc-lc  of  tlie  component (s)  exhibiting  the 

highest  sputtering  yield  leading  t  i  c  •  -.d  surface  composition.  Thus  yield 
measured  by  weight  loss  is  a  func,.  r  of  pi.jjecLi]e  dose.  Also  for  compounds 
there  may  be  a  very  liigli  vield  of  molecules.  Thus  one  cannot  necessarily  ostimaLe 
yield  from  an  allov  or  compound  by  some  avcr.age  of  the  yields  measured  for  tin.' 
constituents  in  monatomic  t.irgets. 

Effects  of  Ambient  Atmosphere.  An  ambient  atmosphere  of  reactive  spiaies 
(e.g.  oxygen  or  hydrocarbons)  produces  substantial  changes  to  the  fluxes  el 
sputtered  ions  and  sputtered  excited  species.  However,  such  an  atmosphere  does 
not  appear  to  substantially  change  the  flux  of  sputtered  atoms  which  veprosinls 
the  bulk  of  ejected  material.  Thus  thi'  sputtering  vields  ari'  not  g,ri'atl\ 
influenced  by  the  ambient  atmosphere.  Non  reactive  j'.ases  do  not  aiipear  to 


3)60 


i  II I  I  in'iu'i'  \i.'ld  iikir  (.1  i  s  L  r  i  Im  t  i  on  of  (iii.intniii  sl.ilos. 

i -1.  i.ij' i  r  U'.  i  1  !'on;in!,n'  lo  l.sliniatc’  Yield.  Spii!  [  lO' i  n;',  N'ii-ld  is  rel.Ued 
to  onoij'v  transior  to  the  lattice  whicli  isinses  .itoms  from  tlie  sort, ice  fii  ,i<niife 
su  f  1  i  c  i  (.n  t  oner, O'  [o  overc.'iiH'  tlieir  l>iiulin;'.  to  tlie  solid  .ind  tlien-liy  escape. 

i  luis  '  ii  Id  sliould  lie  related  to  stopiiin!’  jiov.'er  ,  particle  iiiasoa'S  ,  projectile 

iiipact  enerc,'.  and  tai'c.i  t  iMndinc  laiercy.  A  mirilier  ol  sen  i -erip  i  r  i  ca  1  forniii  1  a  t  i  ons 

ii  IV  e  iici'c.  tievisod  to  repri'Sent  spilt  I  erinc,  vield.  Not  oiiiv  are  tliev  mor. 

convenient  I  iian  rav;  ilata  iei  nodi- 1  I  i  n,:  purposes  Init  tliev  also  I'ernit  estimates 

ter  jirojectile  tarpat  com!,  i  na  t  i  ons  tliat  have  not  vet  In-en  siiLijected  to  exper  ini-nta  1 
stud''.  liiscass  such  lorniilae  in  sections  li-l.l  t  anti  1I-L.12. 

i)ita  i’resenttil  litre.  Diit-  to  sp.ece  I  i  lai  t  ,i  l  i  ■ -ns  u'e  present  onlv  a  small 
raot  ion  of  the  iviilal'li  vpe.iterin;'  vield  data.  [-'iirllier  lata  in  praiihical  ami 
tai'iilar  !  >uaii  can  lie  I  tuind  in  tile  reviiws  lisleil  helow.  Als.i  the  semi -emp  i  r  i  c.i  I 

;  o  rmn  l  a  I  i  ons  pi  n  in  stet  ions  ll-i.!')  and  Il-l  .  id  c.in  I'e  ntiJi/.ed. 

Koviews  aiu!  data  l\>mp  i  I  at  itms  . 

N.  i ;  1 1 , .  uuam  i  ,  'i  .  .  Yaii.aniiira,  Y.  llikawa,  N.  Ittih,  f  .  K.izumata,  S.  Mivapawa, 

!■' .  '-'I'rita  and  i',.  Shimi.'n.  linerj^v  Dependanci-  of  S|)iifLering  Yit-Ids  of  Mon, atomic 
colitis.  In.slitute  of  I’lasna  I’hvsics,  Nai',oya  I'niversity  Nap, ova  laji.in.  Report  No., 
i  ; '  j'  ' -,'vM- 1  4  (dune  IhSO). 

d.  i-'otii,  1.  I’niiidanskv,  id.  f' L  Lt  nheri;er .  Ilata  on_  j.ou-  linerpy  Lipid,  Ion  SptiLterinf 
"x-’lan.k  Itistitut  :  iir  !' 1  i  sn.-,  phy  s  i  k  ,  ti.arch  in,r; ,  W.  fierman}’.  (  l'n(nibl  ished  report 
dated  Ma ' •  1 h 7 9  )  . 

L .  I'.arnetl,  J  .  A.  Rav,  L.  Kieei,  M.  I.  Wilker,  K.  W.  McDaniel,  Iv  .  V\  .  Thomas 
h.  H.  (iilbodv.  "Atomic  Data  for  controlled  Fusion  Rest-arch".  Oak  Ridge  National 
'ai’eriterv  Kepet't  OK.M.-52()7  ,  1977  .  (See  Volume  IL,  Section  D)  . 

.  Beia'i  :  di  (  Ld  )  .  S  p  u  t  t_e  r  i  _K)  ii_  lioinbardinent .  .  To  be  published  as  a 

ieol.  in  till-  Series  "lopics  t>f  Applied  Phvsics"  by  Spr  ingcr-Ver  lac ,  Heidelberg. 

d\ .  R.  Limus:-.  ami  R.  B.  V.'ricjit.  d.  Nnel.  Mat.  89,  229  (1  980),  (A  b  i  b  1  i  o.c.raphy 
c;  d  iL.i  on  kinetie  en< rev  and  mass  distribution  of  sputtered  particles). 
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Tabular  Oat.i  H-l.I  j 

S G m t-bmpirical  Fornnilation  fo r  Sputterln g 
Yields  Due  to  Llglit  (^article  Impact 


S  vmhel.s 


]iroiectile  mass  (amu) 

target  atom  mass  (amu) 

K  projectile  energy  (eV) 

threshold  energy  of  the  si)uttering 
process  (eV) 

Kg  surface  binding  energy  of  tJie  target 
atom  (eV)  . 


y leld  Kxpression 


wile  re 


V 


V 


6.4  •  10  ^ 


i- 


1 

E/E 


IL 


th 


a toms /ion 


(1) 


Threshold  energy  in  eV 


3168 


.1 .  Bohdanskv ,  .1.  Rotli,  N.  I..  Ikiy  (to  lu'  piiii  I  i  slu’d)  . 


Notos 


J)  IvliiLe  tills  formulation  has  boon  dovolopod  |>riniarily  to  roprosont 
violds  for  lipjit  ion  impact  it  is  also  snoci'ssful  for  sputtorin;' 
of  N  i  bv  lioavv  ions  within  tlio  i  imitations  stated  above. 

d)  The  formulation  is  particularly  accurate  close  to  tliresliold. 

5)  At  enerp.ies  in  excess  of  the  ranj;e  stated  under  "limitations" 
the  empirical  d;ita  scatters  above  the  values  pjven  hv  the 
1  orniLi  1  a  t  ion  . 

4)  Values  of  for  use  in  this  formula  should  be  takiui  froni  the 

table  given  above;  these  are  values  obt.ained  in'  fitting,  to  the  d.ita. 
lor  other  cases  one  could  estimate  as  li|./,(l-,')  where  K|;  is  the 

binding  cniTgy.  In  turn  can  be  equated  to  the  sublimation  enerj’.v 
(e.g.  J/VN'Al'  'I'hernio-dhemi  ca  1  'I'ables,  ed.  D.  K.Stull,  II.  I’rojihet  ,  N’SKDS- 
NBS  17),  expressed  in  eV. 
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Graphical  Data  H-l.lA 

Energy  dependence  of  the  sputtering  yield  for  Ne"*^,  Ar"*^,  Kr^  &  Xe'  impact  on  Be 
The  solid  line  is  a  best  fit  to  the  data  by  Eq .  1  of  H-1.32.  From  Ref.  12. 


A  Ref.  13 
B  Ref.  16 


XE->C 


Graphical  Data  H-1.15 

Energy  dependence  of  the  sputtering  yield  for  Ar'*’,  Kr'*’  and  Xe''"  Impact  on  C. 
The  solid  line  is  a  best  fit  of  Eq .  1  (section  H-1.32)  to  the  data.  From 
Ref.  12. 
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A  Ref.  13 


B 

Ref. 

18 

C 

Ref . 

13 

ENERGY! EV  ) 

ENERGYfEV) 

KR->flL 

XE->RL 

A  Ref .  15 


Ref.  15 


ENtRGK  EV 
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Energy  dependence  of  the  sputtering 
yield  for  Ne"'’,  Ar  ,  Kr'*',  Xe+  and  Ai'*' 
on  AX..  The  solid  line  is  a  best  fit 
of  Eq.  1  (section  H-1.32).  to  the 
data.  From  Ref.  12. 
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Graphical  Data  H-1.23 

Ene’  t,y  dependence  of  the  sputtering 
Yield  for  Ne+,  Ar+,  Kr+ ,  Xe+  and  Ni''' 
impact  on  Ni.  The  solid  line  in  the 
best  fit  Eq.  1  (Section  H-1.32') 
to  the  data.  From  Ref.  12. 
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Symbols 


Seml-Emplrical  Formulation  for  Sputtering  Yields 
due  to  Heavy  Particle  Impact 


E  =  Projectile  energy  (eV) 

E^j^=  Threshold  energy  for  sputtering  (found  by  fitting  to  the  data)  (eV) . 

P  =  Dimensionless  factor  found  by  fitting  to  the  data. 

S  =  Reduced  elastic  stopping  cross  section,  dimensionless. 

(Expressed  in  analytical  form  below). 

f  -  Reduced  energy,  dimensionless. 

C  =  A  factor  related  to  nuclear  charge  and  mass  of  projectile  and  target; 
^  given  in  tabular  form  (cV  ^) 


Y i e Id  Expression. 


where 


atoms /ion 


3.441  i4  log(c+2.718) _ 

1+6,355  +  c (-1.708+6. 882  ff) 


c  =  C  E  (3) 

e 

The  factors  P  and  are  found  by  fitting  the  equations  to  the  available 
data;  the  factor  C  is  computed.  All  three  factors  are  tabulated  on  a  subsequent 
page . 

Limitat ions . 

Formulation  has  been  tested  for  a  variety  of  projectile  target  combinations 
and  exhibits  no  obvious  limitations.  For  light  ion  impact  (H"*^,  D"*",  He"*")  at  low 
energies  (10  keV  and  below)  the  formulation  of  section  H-1.13  fits  the  data  better. 
The  formulation  appears  to  be  inadequate  close  to  threshold  (see  note  3  below). 

Accuracy . 

Represents  empirical  data  to  better  than  +25%. 


Source , 


N.  Matsunaml,  Y.  Yamanura,  Y.  Itikawa,  N.  Itoh,  K.  Kazumata,  S.  Mlyagawa, 

K.  Morlta,  and  N.  Shimizu.  "Energy  Dependence  of  Sputtering  Yields  of 
Monatomic  Solids".  Institute  of  Plasma  Physics,  Nagoya  University,  Nagoya, 
Japan.  Report  No.  IPPJ-AM-14.  To  be  published  in  Radiation  Effects  Letters, 


Notes . 


(1)  The  fitted  curve  represented  by  Eq .  1  is  shown  in  the  Graphical  Data 
H-1.15  through  H-1.31  by  the  solid  line. 
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(2)  The  formulation  for  Y  is  similar  to  that  by  Sigmund  [Phys.  Rev. 

184 ,  383  (1969)and  187 ,  768  (1969)]  Sigmund  gives  anaytical  forms 
of  the  constant  P  but  does  not  include  the  threshold  energy  factor 
(essentially  Sigmund  has  Ej-j^  =  0). 

(3)  The  values  for  threshold  energy  obtained  from  the  fit  of  Eq.  1  to 
the  data  differ  from  those  given  in  H-1.13  for  the  cases  where 
comparison  is  possible;  they  also  disagree  badly  with  theoretical 
values.  The  implication  is  that  this  equation  is  inadequate  close 
to  threshold. 
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Tabular  Data  H-1.32  (continued) 


Empirical  parameters  for  the  sputtering  equation  of  Matsunaml 
et  al . 
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iabular  Data  H-1.32  (continued) 


Empirical  parameters  for  the  sputtering  equation  of  Matsunami 
et  al . 
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Tabular  Data  H-1.32  (continued) 

Empirical  parameters  for  the  sputtering  equation  of  Matsunami 
et  al . 
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1  »  •  •  < 

INTRODUCTION 


This  section  updates  Section  H-3  of  Technical  Report  H-78-1  "Compilation 
of  Data  Relevant  to  Hare  Gas  and  Rare  Gas  -  Monohalide  Exclmcr  Lasers.  Volume  II" 
(U.S.  Army  Missile  Research  and  Development  Command,  Redstone  Arsenal,  Alabama, 
December  1977).  For  low  energy  Impact  of  liglit  projectiles  the  earlier  compilation 
cited  above  remains  quite  adequate  as  tltcre  has  been  no  significant  additional  data 
Vdiat  we  show  here  is  some  additional  data  for  projectile  energies  of  500eV  and 
greater.  Data  given  are  for  normal  incidence  on  polycrystalline  targets.  Some 
excellent  data  on  single  crystal  targets  is  given  in  reference  4  but  not  reproduced 
here . 


H_t'_f  crencos . 

(1)  F,.  V.  Alonso,  R.  A.  Baraglola,  J.  Ferron,  M.  M.  .lakas  and  A.  Olivia  -  Florio 
I’hys.  Kov.  B  ^2,  80  (1980). 

(2)  G.  D.  Magnuson  and  C,  E.  Carston,  Phys.  Rev.  129,  2403  (1963). 

(3)  Norbert  Stiller,  Thesis,  University  of  Giessen,  West  Germany,  August  1979. 

(4)  C.  F.  Car  Is ton,  G.  U.  Magnuson,  P.  Mahadevan  and  D.  E.  Harrison,  Phys  Rev 
1^9,  A729  (1965). 

(5)  R.  A.  Baragiola,  E.  V.  Alonso,  A,  0.  Florio,  Phys.  Rev.  B  1^,  121  (1978). 
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sc  f  CCtrf’C‘fMT. 


C.r  aphical 


Data 


velocity  do’ cm /sec) 

H-3.1,  Secondary  electron  emission  coef f Icieni  , or 

various  ions  on  At  as  a  function  of  projectile 
velocity.  From  Ref.  1. 


(Iraphical  Data  H-3.2. 


Secondary  electron  emission  coefficients  for  Ne 
Ar'*',  Kr+  and  Xe+  impact  on  Mo  and  Cu.  From  Ref.  2 


Craphlcal  Data  H-3.3  Secondary  electron  emission  coefficient  for 

H+,  H*,  H  He"'",  Ne'*'  and  Ar"*"  on  Au  and  W 
as  a  function  of  impact  velo''ity.  from  Rel 
Includes  also  data  from  Ref.  3 
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h-5.  ion  reflection  from  surfaces 
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Tabular  Data  H-5.1.  Reflection  of  light  ions  (H,  D,  He).  . 
Graphical  Data  H-5. 2  Reflection  Coefficients  (H,  D,  T,  He). 
Graphical  Data  H-5. 2.  Reflection  Coefficients  of  heavy  ions 
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INTRODUCTION 


This  section  presents  data  on  coefflcents  for  reflection  of  ions  from 
surfaces  as  the  ratio  of  particles  reflected  (ions  plus  atoms,  integrated  over 
all  exit  angles  and  energies)  to  particles  incident.  This  supplements  coverage 
of  such  processes  given  previously  as  section  H-5  of  Technical  Report  H-78-1, 
"Compilation  of  Data  Relevant  to  Rare  Gas-Rare  Gas  and  Rare  Gas  -  Monohalide 
Excimer  Lasers  Volume  II"  (U.S.  Army,  Missile  Research  and  Development  Command, 
Redstone  Arsenal,  Alabama,  December  1977).  For  light  ion  impact  (H,L),He)  there 
is  excellent  coverage  due  in  large  measure  to  the  need  for  such  data  in  the 
Fusion  Energy  Program.  We  provide  an  extensive  presentation  of  data  and 
indicate  a  reliable  method  for  interpolating  values  for  cases  that  have  not 
yet  been  considered  (H-5.1).  For  heavier  species  we  provide  what  little  data 
are  in  the  literature  (H-5. 2).  For  heavy  projectiles  at  low  energies  one  might 
make  order  to  magnitude  estimates  by  using  some  average  of  the  data  given  by  the 
scaling  procedure  of  H-5.1. 
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i  il'Mlar  Data  H-5.1,  Reflection  of  Light  Ions  (H,D,He). 

A  s\il)stnntial  quantity  of  experimental  data  is  available  which  agrees 
well  with  theoretical  predictions.  There  is  no  evidence  that  the  reflection 
cootficient  for  an  incoming  ion  (e.g.  H'*")  is  any  different  from  that  for  the 
corresponding  atom  (e.g.  Hi. 

It  Is  most  convenient  to  plot  the  reflection  coefficient  (particles 
rt'fl  '.  to.J,  integrated  over  all  exit  angles  and  energies  :  by  particles  incident) 
as  a  I  I  '  ion  of  the  reduced  energy  r  defined  as  follows: 


_ 

M,  M 


2  Z  Z  e 
12 


I.indh.ard  has  cliosen  fo.  '  '  the  I'hi'nas— Fermi  screening  length  a, 

I  r 


Z  and  Zj  are  the  charges  and  and  are  the  masses  of  the  ion  and  the  target 
atom.  e’is  the  iloc. tron  charge! 

With  =  14.3*1  eV  /\  one  gets 


-  32.55  -- 


M,  * 


E(keV)  =  ejE(keV) 


In  the  folh'wing  figure  v/e  show  theoretical  model  calculations  of  R  plotted 
ns  a  function  of  reduced  energy  .  for  a  variety  of  proiectile-target  combinations. 
We  choose  to  present  theorv  rather  than  experiment  because  it  covers  a  greater 
energv  range  particularly  down  to  low  energies.  Experiment  is  in  good  agreement 
.  ith  theorv  as  is  shown  in  the  primary  references  given  below. 

To  'bt.ain  for  a  projectile-target  combination  given  on  the  graph  the 
factor  •[  should' be  identified  from  the  table,  the  reduced  energy  of  interest 
should  he  computed  and  the  relevant  R^  read  from  the  graph.  For  a  projectile- 
target  combination  not  on  the  graph  the  factor  should  be  calculated  from  the 
formulae  given  above,  the  reduced  energy  of  interest  c  evaluated  and  data  points 
read  from  the  graph  for  a  target  of  nuclear  charge  closest  to  that  of  interest.  For 
compounds  one  may  estimate  R^,  bv  evaluating  the  reflection  coefficients  for  each 
constituent  atomic  species  and  take  a  sum  weighted  according  to  the  atomic 
romi'os  i  r  I  I'n  c'f  the  target  compound  t'r  alloy. 

This  scaling  procedure  should  provide  adequate  estimates  of  R^  to  within  a 
fart  t  of  two,  except  for  low  Z  targets  (e.g.  C)  where  the  error  will  be  larger. 

The  iata  obvijiied  bv  this  procedure  will  be  appropriate  to  normal  incidence  on  a 
pol '  '  r  St  '  '  I  I  ni  f  argpt  . 


til  The  vraph  is  t.aken  from:  W.  Fckstein  and  H.  Verbeek  "Data  on  ^ 

Lig'.i  Ion  Reflection",  Report  IPF  9/32  (Max  Planck  Institut  fur 
Plasma  Physlk ,  Harching,  West  ^lermanv ,  August  1979.  This  report 
contains  extensive  theoretical  and  experimental  data  gathered 
from  various  publislied  and  unpublished  sources. 

I i I  Tlie  theoretical  simulation  is  by  the  MARLOWE  code  described  most 
fullv  in  :  M.  T.  "obinson  and  I.  M.  Torrens,  Phys.  Rev.  B9^,  5008 
(1  974).  See  also  S.  Oen,  and  M.  T.  Robinson,  "'ucl.  Instr.  and 
Methods  132 ,  647  (1976). 
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Target  atom 

Element 

wm 

H 

D 

T 

^He 

C 

6 

12.0 

2.414 

2.242 

2.092 

0.9814 

0. 9200 

A1 

1  3 

26.98 

0. 9449 

_ 

EBB 

0.4087 

Si 

0.8318 

0.8050 

0.3862 

0.3742 

Ti 

4  7.90 

0. 4774 

0.4680 

0.2266 

0.2222 

Fe 

26 

55.85 

0.  3934 

0. 3866 

0.  3800 

Ni 

28 

58.69 

0.1655 

Cu 

63.  54 

0.1614 

0.1590 

Nb 

41 

..  .  1 

92.91 

0.1047 

0. 1037 

Mo 

wm 

0.2121 

0.2099 

0.2078 

0.  1016 

0.1006 

Ag 

107.87 

0.1832 

0.1816 

0.1799 

0.08814 

0.08735 

Ta 

H 

180.95 

0.  1026 

0.04997 

W 

1  0.1014 

0. 1008 

0.  1003 

0.04911 

Au 

0.09212 

0.04538 

0.04515 

Table  showing  computed  tj  factors  for  H,D,  He  and  He  impact  on 
a  variety  of  targets. 
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o 


.REDUCED  ENERGY 


REFLECTION  COEFFICIENT 


( _ L.  .  _4.  .  i  — 

01  Q2  05  10 

e 


20'  50  100 


Mj/M. 


(a) 


(b) 


Graphical  Data  H-5.2.  Reflection  coefficients  for  heavy  particle  scattering  from 

surfaces . 


a)  K  and  Na  impact  on  Ag  and  Au  shown  as  a  function  of  reduced  energy 
(defined  by  F,q .  1  ot  preamble  to  Grapliical  Data  H-5.1).  J.  Bottiger 
et.  al.,  Radiation  Effects,  11,  133  (1971). 

b)  Impact  of  60  keV  Na,  K  (written  Ka)  ,  Br,  Rb  and  Cs  on  A2. ,  Cu,  Ag  and  Au 
shown  for  each  projectile  as  a  function  of  target  to  projectile  mass 
ratio  (M2/MJ).  J.  Bottinger  et.  al.,  Nucl.  Instr.  Meth.  170,  499  (1980). 


3203 


I.  SECONDARY  ELECTRON  SPECTRA 
CONTENTS 


Page 


I  -  1 .  Energy  Spectra  of  Secondary  Electrons 

from  Electron  Impact  Ionization  .  3205 

1-2.  Energy  Spectra  of  Secondary  Electrons 

from  Proton  Impact  Ionization  .  3207 

I  -  3.  Energy  Spectra  of  Secondary  Electrons 

from  Heavy  Particle  Impact  Ionization  .  .  , . 3214 


(data  presented  in  this  chapter  either  extend  or  supersede  the 
data  given  previously  in  Chapter  I  of  Volume  V,  pages  2241-2374.  ) 


I  -  1 .  ENERGY  SPECTRA  OF  SECONDARY  ELECTRONS 
FROM  ELECTRON  IMPACT  IONIZATION 


Paqp 

I-l.l 

Secondary  Electron  Enerqy  Spectra  for 

Electron  Impact  Ionization  of  CO2  .  3206 
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Tabular  Data  1-2.1 


Single  Differential  Cross  Section  (Secondary 
Electron  Spectra)  for  e  +  COp  Collisions 
(Units  of  10  cm^/eV) 


Secondary 

Electron 

Energy 

(eV)' 

50 

Primary  Flectrr 

100 

)n  Energy  (eV) 

200 

-100 

1 

16.08 

22.38 

15.66 

12.66 

2 

25.47 

27.62 

19.29 

12.50 

3 

23.37 

26.62 

20.12 

14.4/1 

4 

16.57 

19.94 

17.52 

11.43 

5 

14.60 

17.53 

1/1.  a/l 

in.51 

6 

13.51 

14.90 

12.90 

9.32 

8 

12.79 

12.85 

10.64 

7.70 

10 

12.50 

10.12 

cc 

6.30 

1 

12 

1 

11.26 

8.55 

j 

7.39 

5.47 

15 

i  9.61 

8.18 

5.77 

4.52 

20 

1 

6.18  1 

/1.46 

3.26 

25 

1 

[ 

a. 18 

3.22 

2.38 

30 

1 

i 

1  3.14 

2.57 

1.76 

35 

1  2.87 

1.77 

1  1.32 

40 

I 

2.65 

1.32 

1.04 

50 

1 

! 

0.81 

0.687 

65 

1 

1 

i 

1 

0.54 

{  0.401 

80 

1 

1 

0.-19 

j  0.277 

100 

1 

1 

1  0.188 

120 

! 

1 

0.137 

140 

1 

! 

j 

i 

0.131 

160 

1 

j 

1 

1 

0.129 

180 

0.123 

Accuracy:  The  quoted  uncertainty  in  these  data  is  *  17’' 

Reference:  These  data  were  taken  from  T.W.  Shyn  and  W.T.  Sham,  Phys.  Rev.  A 
20,  2332  (1Q79). 
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1-2.  ENERGY  SPECTRA  OF  SECONDARY  ELECTRONS 
FROM  PROTON  IMPACT  IONIZATION 


Pane 


1-2.1 

Secondary  Electron  Energy  Spectra  for 
Proton  Imoact  Ionization  of  Ar  .  .  . 
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Tabular  Data  1-2.1 


Single  Differential  Cross  Section  (Secondary 
Electron  Spectra)  for  H'*’  +  Ar  Collisions 
(Units  of  cm^/eV) 


ENERGY 

<  EV  ] 

5  keV 

ENEOQt 
(EV  ) 

10  keV 

20  keV 

1  . 

6.44-14 

1 . 

7.14-10 

2.44.1  •» 

2  . 

0. 7?-i4 

2. 

1.16-17 

2. 3D-1  7 

3  . 

0.44-14 

3. 

1.35-17 

7.25-17 

4  . 

7.27-14 

4. 

t.  20-1  7 

2.00.1  7 

9. 

6.29-14 

5. 

1.16-17 

1.09-17 

6  . 

5.97-1 4 

6. 

1.04-17 

1.70-17 

7  . 

9.02-14 

7  . 

9.62-10 

1.60-1 7 

6 

4.43-14 

0. 

0.40-10 

1.40-1  7 

9  . 

3  89-1 4 

9. 

7.60-10 

1.30-17 

10. 

4. 46-*  • 

16. 

7.30-tO 

1.27-1 7 

4.29-14 

12. 

6.13-10 

1.15-1 7 

i? 

3. 24-1  4 

14. 

5.26*10 

6.20-1 4 

1 3 

3.14-14 

16. 

4.01-10 

0.06-14 

1*4 

3.26-14 

10. 

2.69-10 

6.12-14 

•.9 

4.47-14 

20  . 

2.06*10 

5.  IS-IO 

14  . 

4.30-14 

22. 

1.64*10 

4.43-14 

17 

1 .  79-14 

24. 

1.31*10 

3.75-14 

10 

0. 14-1  9 

26  . 

1.03*10 

3.10-14 

19 

6.59-19 

20. 

0.35-16 

2.77*10 

?: 

5.46-1  9 

30. 

6.70*16 

2.47-10 

3.94-19 

32. 

5.41-19 

2.00-14 

?4 

2.05-19 

34. 

4.33*19 

1.00.14 

20 

2. 10-19 

36. 

3.40*19 

1.50-19 

a 

1.59-19 

30. 

2.00*19 

1 . 30-1  4 

j: 

1 . 00-19 

«o. 

2.23-19 

1.10-14 

0. 19.2P 

45. 

1.32-19 

0.22-19 

(4 

6.36-20 

50. 

0. J0-2P 

5.03-]  9 

3. 70-?n 

55. 

5.00-711 

4.06-19 

50  keV 

1.  3.?«-57 

3.  3.91-17 

5.  2.M.17 

4.  2.23-17 

9.  2.09-17 


4.  1.00-17 

7.  1.40-17 

1.  1.93-17 

f.  1.44-17 

10.  1.32-17 


12.  1.19-17 
14.  9.90-lM 

10.  9.07-44 
10.  7.96-14 
20.  4.00-14 


29.  5. 32-14 

30.  4.24-14 

39.  3.36-1  4 

40.  2.72-14 

90.  1.79-14 


79.  6.90-19 
100.  2.39-19 
129.  0.29-?^ 
190,  3.00-2n 
179.  1.92-?n 


200.  1. 09.9ft 

229.  3.30-?i 


Note;  "Energy  (eV)"  refers  to  secondary  electron  energy 
and  the  keV  energies,  atop  the  data  columns,  refer 
to  the  incident  H'*’  energies. 


Accuracy;  The  estimated  uncertainty  in  these  data  is  20% 
except  near  threshold  (<10  eV)  where  it  may  be 
higher. 

Reference:  These  data  were  taken  from  M.  E.  Rudd,  L.  H.  Toburen, 
and  N.  Stolterfoht,  AtOiHic  Data  and  Nuclear  Data 
Tables  23,  405  (1979). 
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Tabular  Data  1-2.1  (continued) 

Single  Differential  Cross  Section  (Secondary 
Electron  Soectra)  fo^-  H'*'  +  Ar  Collisions 
(Units  of  cm^/eV) 


f  Lf  Cl  FON 

iHEiar 

Proton 

Energy 

(keV) 

ii»» 

5 

7 

10 

15 

20 

30 

50 

1.5 

2. 

2.48-17 

2.30-17 

2.  38-17 

2. B7-  17 

2. 77-17 

^.►.^-17 

2.0 

i  27.  »7 

2.  19-17 

2.40-17 

2.49-17 

i. CJ-  17 

2.06-17 

;  .  r.  7  -  «  J 

1.0 

l.fc2'  1  7 

1.90-17 

2.  14-17 

2. 38-17 

2.8C-17 

2.48-17 

2  .  w*'  -  1  7 

5.0 

9. 95-19 

1.  27-  17 

1.51-17 

1.88-17 

2.  iJ-  17 

2.  24-17 

2  .  f'  7  -  1  7 

7.  5 

8.  19-  It) 

d. 94-18 

1.  17-17 

1.54-17 

1.  48  -  17 

2.01-17 

1  .  "  •  1  7 

10  .c 

l.9*^-1« 

8.  19-18 

0.51-18 

1.  17-17 

i.t:  ■  1’ 

1. 75-17 

1. h;  •  17 

1  *.  0 

3. oc- 1  e 

4. 20-18 

5.  35-  16 

7.43-18 

9.71-18 

1. 28-  17 

1.  rfl-  17 

20.0 

7.47-19 

1  . 31-18 

2.43-18 

3.  74-18 

5.44-14 

7.80-18 

H.8^- 1H 

JO.C 

1.50-19 

3,  38-19 

7.84-19 

1.56-  18 

2.  38-19 

3. 75-18 

5.  Iw-l-i 

50. e 

5.  05-20 

2.89-20 

0.93-20 

2.88-19 

5.07-14 

1.  14-18 

1  .  87-  le 

75.0 

1. 21-20 

8,89-21 

1.  18-20 

3.57  20 

a.*,o-*o 

2.87-19 

t. 81-14 

100.0 

2.01-21 

2.01-21 

4.32-21 

8.75-21 

1.81-20 

7.05-20 

2.  47-1  4 

130. 0 

2.42-21 

9.57-22 

f.  22-21 

2.  29-21 

2.  94-2  1 

t, 32-20 

7.^t»-.'7 

180.0 

1.  55-21 

9,  34-23 

4.80-22 

1.03-21 

9.93-22 

3,34-21 

2.07-23 

200.0 

1.55-22 

8. 75-22 

2.01-22 

4,  11-22 

5.58-;; 

2.  11-21 

7.  J‘  -21 

250.0 

300. C 

4.51-23 

1.89-22 

4,07-24 

1. 38-22 

3.11-2) 

3.03-22 

5.99-23 

4.29-22 

7 . 4  B  -  2  3 

Note:  "Energy  (eV)"  refers  to  secondary  electron  energy. 

Accuracy:  The  estimated  uncertainty  in  these  data  is  20" 
except  near  threshold  (<10  eV)  where  it  may  be 
higher. 

Reference:  These  data  were  taken  from  M.  E.  Rudd,  L.  H.  Toburen 
and  N.  Stolterfoht,  Atomic  Data  and  Nuclear  Data 
Tables  405  (1979). 


70 

.6T-t7 
-72-17 
.51-17 
.07-17 
.»*-17 
.58-17 
.  1«-17 
.  )«  -  1 8 
.28-18 
.25-18 

.03-18 

.05-19 
.62-19 
.56-20 
.  95-20 
.  18-21 
.  18-22 
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Tabular  Data  1-2.1  (continued) 

Single  Differential  Dross  Section  (Secondary 

Electron  Soectra)  for  +  Ar  Collisions 

,  ? 

(Units  ot  cm  /eV ) 


Proton  Energy  (keV) 


IIV) 

50 

100^ 

150 

200 

250 

300 

£Nc#k.r 
(f  <) 

1.0 

«. 34-  11 

3.  14-  11 

1. 14-17 

1. «0-  11 

1  .4I-  11 

1.  10-  11 

1  0 

) . 

0 . 3!-  11 

4. 14-11 

1.  15-  11 

1.43-11 

1.  Jk/-  17 

1. 1#-  17 

1 .  J 

1.6 

4.34-11 

3. 1 :- 1? 

1.  11- 11 

1.44-  11 

1. 1.-  n 

1.14-11 

1 . 4 

A  .  0 

4.34-  O 

3. 13-  11 

1.4C-  17 

1.50-17 

1. - 11 

1.  17-  11 

/.O 

i.b 

i.49-  11 

3. 13-  11 

1.8  3-11 

1.54-11 

1.  jr-  11 

1.30-  11 

..5 

i.  •> 

3. 13-11 

?.•!-  n 

1.59-  11 

1 . 4.  ■  W 

1.33-11 

J  .  u 

<1.0 

i.  19-11 

3. 04- 11 

1,41-  11 

1.44-11 

1.«.«i-  17 

1.31-11 

4.0 

b.O 

3.04-  11 

1.93-11 

1,11-11 

1.54-  11 

1.  )9-  17 

1.3*-  11 

«‘.0 

b . 

1.9C-  11 

1.19-11 

1.41-1? 

1.49-11 

1  .  3  J-  1 1 

1.19-  11 

L.O 

d.O 

1.  4  j-  11 

1.  54-  11 

1.4f>11 

1.  11 

1 .  I-**  U 

1.09-11 

8.0 

lu  .  u 

1.!i-11 

1.44-11 

1.  J4-  11 

1.#3-  11 

1.  1C-  11 

9. (9-18 

10.0 

1  1.0 

1.31-11 

1 . 14-  11 

i.c€-n 

9. 19-  10 

4.4  1-  le 

1.87-  18 

IJ.O 

l6.W 

1.  I4-  11 

9.41-19 

8.34-14 

7.  15-19 

4  .  1 5 -  It 

5.41-18 

te.O 

^0. 0 

4. 10- U 

1.4l-)« 

5.  99-  14 

5. 13-  !»• 

4.  17-  14 

3. 8C-  14 

#0.0 

^3.0 

4.*)-  14 

5.44-19 

4.  34-  14 

3.51-  14 

4 .94-  lb 

3.53-  14 

#5.0 

Jw.O 

4.49-  1« 

4.4)4-  19 

3.45-18 

3. 11-  19 

4  .  48-  IB 

1.93*  18 

10. 0 

*U.O 

3.09-  1« 

J. 31-19 

4 . 44-  19 

1.94-U 

1.  14 

1.39-18 

«c .  0 

&0.0 

1.94-14 

3.4  1-  19 

1.84>  14 

1.41-18 

1.  11-  le 

9. 18-19 

SO.O 

bb.O 

1.44-  14 

1.11-19 

1.41-14 

1.01-  18 

4 . 54-  1  i 

1.05-19 

tw.O 

).)1-  19 

9. 33-19 

4.90-  19 

1.  13-19 

5.40-  19 

* .4C-  19 

9o .  0 

IgC  .0 

5.43-19 

5.41-  19 

4.91-19 

3.9t-  19 

i. 3«-  19 

lot  .0 

Uo.O 

4.43-;0 

3. 75-  19 

i.  15-  19 

4.89-19 

3.51-  19 

7.  1 1-  1* 

1  jc.O 

uo.o 

4 . CO-  / c 

1.41-19 

1.94-19 

1.93-19 

1.  7?-  19 

1 . 5*-  19 

Uw.O 

1.94-31 

1.39-3C 

1. 3e-  19 

1.45-  19 

1.49-  19 

1.13-19 

4^V.O 

4^0.0 

4.4«-43 

1.  34-3C 

4.  3k-3C 

5.84-30 

5.14-30 

5.05*30 

V  w  .  0 

300. C 

3.4J-43 

3.4C-31 

1.  44-30 

i.4t-3C 

3 . bS- 4 w 

3. J4-30 

loe.o 

3S0.0 

1.43-33 

1.  31-31 

1.01-31 

1.74-3t 

3.  )4-;c 

#.34-30 

i5;  .0 

bCO.O 

9.41-33 

3.91-33 

4.43-31 

9.09-31 

1.45-3t 

1.44-30 

4Cc.C 

«b3.0 

4.39-3  3 

1.53-33 

9.55*33 

4.  14-3  1 

9.  79*4  1 

1.C9-#t 

«5c.O 

^00. 0 

3.44-33 

9.09-33 

3.41-3# 

1.19-31 

*.94-31 

1.4  1-#  1 

4.  31-33 

4.04-33 

1.43-#3 

4.04-#3 

3.58-31 

4.44-31 

554.0 

bOO.w 

3.C9-33 

3.51-33 

9.94-33 

3.44-33 

1.  33-3  1 

J.OC-31 

bOO.O 

4^0.0 

1.51-33 

1.95-33 

5.10-#3 

1. 14-43 

(.51-44 

1. 14-31 

45wf  .0 

TOO.C 

9.19-34 

1.14-33 

4.0-33 

1.4  1-33 

1.33-33 

9.81-33 

7:0.0 

7i0.0 

5.99-44 

4.3C-34 

3.11-43 

♦.51-.3 

1. lB-44 

5.44-## 

753.0 

90O.0 

3.43-34 

4.9J-34 

1.93-33 

4.13-33 

1.09-3# 

3.99-33 

9.;l' .  w 

4)0.0 

3.  19-34 

4.C1-34 

1.31-33 

1.54-43 

4.88-33 

1.49-33 

45. .0 

400.0 

5.44-34 

1.33-34 

1.08-33 

3.45-33 

«.  l4-«i 

9.93-33 

9  c.O 

9)0 . 0 

4.14-34 

4.03-35 

1.14-34 

4. f 4.33 

3.C1-33 

4. 35-33 

’tS'A.O 

1000. c 

1.  ]«-34 

3. J4-34 

5.11-34 

1. 41-^3 

#.44-33 

9.11-#) 

1  0  C  .  0 

Note: 

"Energy 

(eV)"  refers  to 

secondary  electron  energy. 

Accuracy:  The  estimated  uncertainty  in  these  data 
except  near  threshold  (<10  eV)  where  it 

is  20^: 
may  be 

higher. 


Reference:  These  data  were  taken  from  M.  E.  Rudd,  L.  H.  Toburen, 
and  N.  Stolterfoht,  Atomic  Data  and  Nuclear  Data 
Tables  23,  405  (197R). 
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Tabular  Data  1-2.1  (continued) 

Pinole  Differential  Dross  Section  (Secondary 
Electron  Spectra)  for  H'*'  +  Ar  Collisions 
(Units  of  cm^/eV) 


0.25 

0.3 

0.5 

1.0 

Mev 

EN6IIGY 

MeV 

ENIRCY 

MeV 

Mpv 

<  Ev  i 

(£V) 

(EV> 

^£Y) 

J  . 

1  •  S  1  • 

1  . 

1 . 36-1 7 

1  . 

1 .07-17 

1  . 

6.81-14 

2  ■ 

1  4  ’  - :  ' 

2. 

1  .  43.1? 

2. 

1 .12-17 

2  . 

6.  70.1  M 

4  . 

1  5  y  -  .  ■ 

4. 

1 . 42-17 

4  . 

1 .08-17 

4  . 

6.  lO-t  4 

6  . 

1  ,  ' 

6. 

1.26-1? 

6. 

9.23-16 

6. 

5.25-14 

e 

6. 

1 . 12-1? 

8. 

8  21-18 

0. 

4.82-14 

10  . 

10. 

1 . 00-1 

10  . 

?  .34-58 

10. 

4.31  -'  4 

19  . 

t  ^  ® 

12. 

a. 62-18 

19. 

9.01-18 

19. 

2.63-54 

?0  ■ 

14. 

6.96-18 

20. 

2  81-16 

20. 

1  .40-14 

30  . 

? 

16- 

5.  >3-18 

25. 

1  .  74-50 

29. 

8.13-19 

40  . 

1  1  •-  0 

16. 

4.69-18 

30  . 

1  22-18 

90  . 

2.84.10 

9r 

y  g  .  •  a 

20 

3. 89-18 

40  . 

7.96-19 

100. 

1.64-19 

60 

8  '  '  •  ■  - 

29. 

?.  53-18 

90. 

9.86-29 

125. 

7, 44-9n 

70  . 

6  *  '  •  ;  . 

90. 

9.59-19 

?9. 

3.19-19 

150. 

6.l7-2« 

60  . 

* 

79. 

5.26-19 

100  . 

2.03-19 

175. 

6. 92-24 

90  . 

lOO  . 

3.30-19 

190. 

1.10-19 

200. 

1 .45-19 

100  . 

3 .  •  e  • :  9 

190. 

1.73-19 

200  . 

1  .73-19 

250. 

2. 19-711 

129. 

?  9  -  i ; 

200. 

1  .  79-19 

290. 

5 .76-20 

300. 

1.92-24 

190  . 

1  4  !  •  ■  9 

290  . 

9.55-20 

300  . 

2  96-20 

400  . 

8. 90-2  ^ 

?00  . 

1  « ;9 

300  ■ 

3.66-20 

4  00  . 

1  .38-20 

500. 

9. 79-21 

290  . 

9  6* 

390  . 

2.97-20 

900. 

8. 12-21 

?50. 

2.  40-2T 

300  . 

3  'T-i: 

4Q0  . 

1  .  83-20 

790. 

3.00-21 

1000. 

1 .  32-21 

39C 

?  4*.  . 

900  . 

8  66-21 

1000  . 

8  88-22 

1250. 

6  25-29 

4o: . 

1 

600  . 

3.  lft-2l 

1200. 

1.85-22 

1500. 

5.  46-29 

490  . 

9  5  4  -  2  : 

700  . 

1  f.?-?l 

1«00  . 

2  83-23 

1750  . 

3  82-29 

900  . 

9  2  6*?: 

600  . 

2.29-22 

1600. 

8  35-24 

2000  . 

2.60-22 

6  00  . 

1  .24.?., 

900  . 

4  U-23 

1800  . 

2  9  4-24 

2500. 

2.  08-23 

7  00  . 

2  32*  ■? 

1000  . 

2  42-24 

2000  . 

2  20-26 

3000  . 

3  66-24 

0 00  . 

3  .  9e*  ?  • 

3500. 

2. 58-25 

900  . 

i  0‘>«:  - 

Note;  "Energy  (eV)"  refers  to  secondary  electron  energy 
and  the  HeV  energies,  atop  the  data  columns,  refer 
to  the  incident  H'*'  energies. 


Accuracy:  The  estimated  uncertainty  in  these  data  is  20% 
except  near  threshold  (■'10  eV)  where  it  may  be 
higher. 

Reference:  These  data  were  taken  from  M.  E.  Rudd,  L.  H.  Toburen, 
and  N.  Stolterfoht,  Atomic  Data  and  Nuclear  Data 
Tables  23,  405  (1979). 
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Tabular  Data  1-2.1  (continued) 

Single  Differential  Cross  Section  (Secondary 

Electron  Spectra)  for  H"*"  +  Ar  Collisions 
(Units  of  cm^/eV) 


1.5 

2.0 

3.0 

3.67 

4.? 

MeV 

ENfOC.' 

MeV 

ENE*G' 

MeV 

MeV 

MeV 

'  EV  > 

rlV  ) 

S  04-10 

19  . 

1 .  2o-l P 

19. 

1  9l  -1  * 

0  87.1  4 

!  03-1* 

9  lO-iO 

20  . 

9.61-14 

20. 

0  00  •  1  9 

9  91-14 

4  94  -1  4 

4.00-10 

SO 

3.42-14 

90  . 

2. 00-1  4 

2  23-14 

1  42-14 

4.  47-10 

40  . 

2.67-14 

*0. 

2  06-1  4 

1  ■  96 -1 4 

1-03-14 

4  1?-10 

90  . 

2  04-14 

90. 

1  97.14 

1  23-14 

7.41  2" 

3  99-10 

75 

1  ■  19 -1 4 

79. 

9  4} -5r 

7. 00-2n 

4. 67-5'1 

?  04-10 

IOC  - 

7.37->r 

100  . 

9  70-20 

4  9?-?n 

?  41-20 

1.04-10 

129 

9  30->n 

129. 

4. 20-50 

3  22-2r 

5  ?4.5« 

6  h4-i4 

190 

4.99.?n 

190. 

3.51 

2  64  -5/' 

2.47-50 

4  37-14 

1  7S  . 

9, 44. ■jn 

179. 

4  49-50 

3  60-5(1 

2.  S7.5'> 

3.  OC  -14 

200  . 

?  .  16-1  4 

200. 

4  69-5P 

4  56-?r 

4  90-2  0 

2.  10-14 

290 

t  97->« 

290  . 

1  23-5r 

4  00-51 

7  l9-5- 

1  •  29-1  4 

300  . 

1  .(16-?* 

300  . 

0  32-5  ' 

6  16-51 

9.14.51 

0  20-20 

400  . 

6.07.?. 

400 

4  45-51 

3.5r-5* 

7 . 90 -5  « 

9.06-20 

900  . 

3  44.?. 

900  . 

5  29-51 

2.23-5- 

1  46-5  • 

1.32-1* 

600  . 

2 . 96-5 1 

600  . 

2  22-21 

1.96.51 

1.32-51 

1  .  60  - 2  0 

700  . 

1.06-5' 

000  . 

1  27-51 

7  72-25 

7. 40-55 

4. 47-?i 

flOO  . 

1  43-51 

1000  . 

7  93-55 

9.04-55 

«.  94.55 

1  • 03-21 

*00  . 

1  .  1?-?’ 

2290 

4  77  .55 

3  33-25 

9.  04 -25 

1.01 -21 

1000  . 

0  on-?'* 

1900. 

3.17-5* 

2  24.55 

2  00-25 

6  36-22 

1290  ■ 

9 . 40-55 

20  00. 

1  02-5? 

1  16-55 

1  .  14*25 

4 . 90*22 

1900  . 

3  .  79-55 

2900. 

1 . 2l  -25 

7.09.53 

7.97-23 

3  22-22 

2000  . 

2.31-25 

9000. 

0  14.51 

9.42-53 

9.21-23 

2  49-22 

2900  . 

1  92-55 

9900. 

9  11-5.3 

9.92-53 

3.00-23 

1  ■ 91 -22 

9000. 

0. 93-27 

«0  00  . 

3. 00-2  3 

2  19-25 

2.69-2.3 

7. 32-23 

3900. 

9.71-23 

4900. 

1  90-53 

1.49-23 

2  26-23 

1  24 -23 

4000  . 

2.21-53 

9MD  . 

2.63-24 

1.67-23 

4900. 

4.00-54 

9900. 

2.0*-?4 

*.06*54 

I 


Notp;  "Energy  (eV)"  refers  to  secondary  electron  energy 
and  the  MeV  energies,  atop  the  data  columns,  refer 
to  the  incic^nt  H'*'  energies. 

Accuracy:  The  estimated  uncertainty  in  these  data  is  20% 
except  near  threshold  (<10  eV)  where  it  may  be 
higher. 

Reference:  These  data  were  taken  from  M.  E.  Rudd,  L.  H.  Toburen, 
and  N.  Stolterfoht,  Atomic  Data  and  Nuclear  Data 
Tables  23,  405  (1979). 
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Tabular  Data  1-2.1  (concluded) 

Single  Differential  Cross  Section  (Secondary 
Electron  Soectra)  for  +  ^r  Collisions 
(Units  of  cm^/eV) 


Proton  Energy  (MeV) 


KiiKiK;y 

0.3 

0.4 

0.5 

4.2 

5.0 

1.17 

2.44*17 

9.14-14 

4.10-10 

1  . 

i. 49-17 

9.44-11 

9.44-11 

1 .91 

2.41*17 

9.27-11 

9.22-14 

l.9i 

2.21-1 7 

4.47-14 

4.04-10 

2.19 

2.0«-| 7 

4.44-14 

4.41-li 

2.91 

1.40-17 

4.27-14 

4.94-10 

2.9J 

1. 41-17 

1.04-11 

4. 14-14 

J.41 

1 .  70-17 

1.70-11 

4.41-10 

i.M 

1.41-1? 

1.40-1  > 

1.04-1 7 

1.42-11 

4.20-10 

4.94 

1.94-1 > 

1.10-17 

1.04-11 

1.44-111 

4.1  l-|i 

9.41 

1.41-17 

1.20-17 

1.11-17 

1.44-14 

1.74-14 

4.11 

1.10-17 

1.10-17 

t.u2-|7 

1.41-14 

1.41-11 

7.14 

1.14-17 

1 .01-1  7 

4.24-14 

1.47-11 

3.44-14 

4.94 

1.04-1 7 

l.Ol-l  1 

4.94-14 

i.44-li 

2.44-1I 

10.0 

4.42-11 

4.71-14 

7.01-14 

2.40-14 

1.40-10 

11.7 

4.14-14 

7.70-14 

4.41-10 

2.14-11 

1.01-10 

11.4 

4.19-11 

4.U4-14 

9.47-14 

1.90-14 

1.14-10 

19.4 

9.U2-14 

4.t4-ll 

4.42-14 

1.20-11 

4.71-14 

14.9 

1.49-14 

1.92-14 

1.22-10 

4.40-14 

7.03-14 

21.9 

2.41-10 

2.42-14 

2.20-14 

9.4V-14 

4.44-14 

29.1 

2.24-14 

t. 49-14 

1.47-14 

1.44-14 

2.44-14 

24.  J 

1.40-14 

1.91-14 

1.20-14 

2. 44-14 

2.21-14 

14.1 

1.42-14 

1 .20-14 

4.41-14 

1.14-14 

1.97-14 

14.4 

1.14-14 

4.71-14 

4. VO-14 

1.44-14 

1.40*14 

44.4 

4.04-14 

7.77-14 

4.47-14 

1.24-14 

1.01-14 

94.1 

7.12-14 

4.04-14 

4.44*14 

4.24-24 

0.11-20 

41.1 

9.42-14 

4.74-14 

1.44-14 

7.91-20 

4.94-20 

71.4 

4.14-14 

1.72-14 

1.04*14 

4.07-20 

9.24-20 

•9.4 

1.41-14 

2. •7-14 

2.10-14 

4.41-20 

4.71-20 

100. 

2.44-14 

2.24-14 

1.70-14 

1.40-20 

1.44-20 

111. 

2.11-14 

1.74-14 

I. 49-14 

2.47*20 

2.14-20 

114. 

1.70-14 

1.41-14 

1.14-14 

2.40-20 

2.00-20 

194. 

1.44-14 

1.19-14 

4.20-20 

2.29-20 

2.09-20 

149. 

1.42-14 

i.i2-:4 

4.27*20 

2.40-20 

2.04-20 

219. 

7.01*20 

4.29-20 

4.49*20 

1 .Ol-#0 

•.11-21 

291. 

4.42-20 

4.14*20 

1.14-20 

0.47-21 

9.40-21 

241. 

1.44-20 

I.V4-20 

2. 14-20 

4.42*21 

1.44-21 

141. 

2.44-20 

2.22-20 

1.07-20 

1.41-21 

2.70-21 

194. 

1.49-20 

1  .94-20 

1.20*20 

2.47-21 

2.04-21 

444. 

1.01-20 

1 . 11-20 

0.41-21 

1.79-21 

1.40-21 

941. 

9.42-21 

4.2f-2l 

4.11*21 

1 . 10*21 

1.13-21 

411. 

2.44-21 

9.42-21 

4.94-21 

1.09-21 

•.10-22 

714. 

7.11-22 

i.  I’-2J 

1.12-21 

7.00-22 

9.14-22 

494. 

1.41*22 

1 . >4-a 1 

1.02-21 

9.44-22 

1.41*22 

1000. 

4.12-21 

1. 24-22 

0.22-22 

4.41-22 

2.44-22 

1 144. 

1.10-21 

4.47-21 

2.20-22 

1.44-22 

2.40-23 

1194. 

1.20-71 

9. 99-21 

2.91-32 

1.40-32 

1949. 

1.41-22 

1.21-22 

1444. 

1.11-22 

7.99-21 

2194. 

7.20-2> 

9.91-21 

2912. 

9.70-21 

9.10*21 

2424. 

1.94-21 

1.14-21 

1419. 

2.43-21 

1441. 

1.00-21 

4442. 

1. 01-11 

Note:  "Energy  (eV)"  refers  to  secondary  electron  energy. 

Accuracy:  The  estimated  uncertainty  in  these  data  is  20T. 

except  near  threshold  (^10  eV)  where  it  may  be 
higher. 

Reference:  These  data  were  taken  from  M.  E.  Rudd,  L.  H.  Toburen 
and  N.  Stolterfoht,  Atomic  Data  and  Nuclear  Data 
Tables  23,  405  (1979). 
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Tabular  Data  1-3.1 


Single  Differential  Cross  Section  (Secondary 
Electron  Spectral)  for  H  He  Collisions 
(Hnits  of  m"/eV) 


Electron 

energy 

15 

keV 

20 

keV 

30 

keV 

50 

keV 

70 

keV 

100 

keV 

150 

keV 

■  1,5 

1.19-21 

8.15-22 

8.00-22 

6.97-22 

7.27-22 

6.24-22 

5.07-22 

2.0 

1.06-21 

7.83-22 

6.69-22 

5.88-22 

5.64-22 

5.40-22 

4.16-22 

3.0 

1.16-21 

8.29-22 

6.35-22 

5.55-22 

4,09-22 

3.68-22 

3.47-22 

5.0 

1.06-21 

8.63-22 

6.87-22 

4.76-22 

3,56-22 

2.72-22 

2.11-22 

7.5 

8.08-22 

8.05-22 

7.48-22 

4.97-22 

3.34-22 

2.36-22 

1.44-22 

10.0 

5.52-22 

6.58-22 

6.89-22 

4.84-22 

3.17-22 

2.10-22 

1.25-22 

15.0 

2.45-22 

3.44-22 

5.53-22 

4.75-22 

3.23-22 

1.97-22 

1.01-22 

20.0 

1.27-22 

1.91-22 

3.19-22 

4.41-22 

3.44-22 

1.98-22 

9.34-23 

30.0 

4.63-23 

7.46-23 

1.31-22 

2.83-22 

3.15-22 

2.09-22 

9.23-23 

50.0 

7.46-24 

1,42-23 

2.93-23 

7.63-23 

1.31-22 

1.90-22 

9.65-23 

75,0 

1.13-24 

2.57-24 

6.02-24 

2.14-23 

3.97-23 

7.10-23 

1.01-22 

100.0 

1.90-25 

4.78-25 

1.69-24 

6.48-24 

1.47-23 

2.77-23 

4.65-23 

130.0 

7.62-26 

4.31-25 

1.62-24 

5.27-24 

1.10-23 

1.72-23 

160.0 

5.30-25 

1.84-24 

4.70-24 

7.23-24 

200.0 

4.51-25 

1.58-24 

2.78-24 

250.0 

7.77-26 

4.45-25 

1.17-24 

300.0 

1.93-26 

1.26-25 

4.21-25 

Accuracy:  The  quoted  overall  uncertainty  is  <17%  above 
30  keV  increasing  to  *25%  at  15  keV  with 
additional  uncertainties  for  the  lower  electron 
energies  (<10  eV). 

Reference:  The  data  were  taken  from  M.  E.  Rudd,  J.  S.  Risley, 
J.  Fryar,  and  R.  C.  Rolfes,  Phys.  Rev.  A  506 
(1980). 
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Single  differential  cross  section  (secondary  electron 
spectrum)  for  +  He  collisions.  These  data  were 
taken  from  M.  E.  Rudd,  J.  S.  Risley,  J.  Fryar,  and 
R.  G.  Rolfes,  Phys.  Rev.  A  21,  506  (1980). 


Comments  and  References 


In  addition  to  the  data  presented  in  this  section,  there  is  also 
recent  data  on  the  energy  and  angular  distribution  of  secondary  elec¬ 
trons  (double  differential  cross  sections)  in  several  cases,  but  no 
integration  over  the  angle  to  obtain  single  differential  cross  sections 
was  reported.  The  systems  studied  are: 


0^^(n  =  4  -  8)  +  O2;  N.  Stolterfoht,  D.  Schneider,  D.  Buren,  H.  Weiman, 
and  J.  S.  Risley,  Phys.  Rev.  Lett.  59  (1974). 

Me^  +  Ar;  M.  Sataka,  K.  Okuno,  J.  Urakwa,  and  N,  Oda,  in  XI  International 
on  the  Physics  of  Electronics  and  Atomic  Collisions,  Abstracts 
of  Papers  (The  Society  for  Atomic  Collision  Research,  Japan,  1979),  pp.  620- 

62T.' 

He^  +  He2,  He;  N.  Oda  and  F.  Nishimura,  in  XI  International  Conference 
0 0  THe  Physics  of  Electronics  and  Atomic  Collisions,  Abstracts  of  Papers 
(The  Society  for  Atomic  Collision  Research,  Japan,  1979),  pp.  622-623. 

He  +  He;  J.  Friar,  M.  E.  Rudd,  and  J.  S.  Risley,  in  X  International 
Conference  on_  the  Physics  of  Electronic  and  Atomic  Collisions,  Abstracts 
oTTAP^TI  (Commissariat  A  L'Energie  Atomique,  Paris,  1977),  p.  984;  and 
M.  E.  Rudd,  J.  S.  Risley,  and  J.  Fryar,  ibid. ,  p.  986. 

+  +  + 

He  ,  He  +  He;  Ne;  Ar;  L.  H.  Toburen  and  W.  E.  Wilson,  in  X  International 
Conference  on  the  Physics  of  Electronic  and  Atomic  Collisions,  Abstracts  of 
Papers'TConmissariat  A  L'Energie  Atomique,  Paris,  1977),  p.  1006. 

+  He,  Ne,  Ar,  CH4;  L.  H.  Toburen,  in  XI  International  Conference  on 
the  Physics  of  Electronic  and  Atomic  Collisions,  Abstracts  of  Papers 
(The  Society  for  Atomic  Collisions  Research,  Japan,  1979),  pp.  630-631. 

C^*^  (n  =  1  -  3)  +  Ar;  L.  H.  Toburen,  in  Proceedings  of  the  Fifth  Conference 
on  the  Use  of  Small  Accelerators,  IEEE  Transactions  on  Nuclear  Science 
NS  -  26  (19797105^: 

0^,  N^  +  Ar;  N.  Stolterfoht  and  D.  Schneider,  in  Proceedings  of  the  Fifth 
Conference  on  the  Use  of  Small  Accelerators,  IEEE  Transactions  on  Nuclear 
Science  NS-26  (1979)  1130. 

Kr^'^  +  Kr;  Yu.  S.  Gordeev,  P.  H.  Woerlee,  H.  de  Waard,  and  F.  W.  Saris, 
in  XI  International  Conference  on  the  Physics  of  Electronic  and  Atomic 
Collisions,  Abstracts  of  Papers  (The  Society  for  Atomic  Collision  Research, 
Japan,'  1979),  pp.  746-747. 
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Li^  +  He;  A. 
J.  Phys.  B  11 

Li^  +  Ne;  P. 
1403  (1980). 

(n  =  1  - 
F.  J.  de  Heer 


Yagishita,  H.  Oomoto,  K.  Wakaya,  H.  Suzuki,  and  F.  Koike, 
Llll  (1968). 

Bisgaard,  J.  05tgaard  Olsen,  and  N.  Andersen,  J.  Phys,  B  H, 


4)  +  He,  Ne,  Ar,  Kr;  P,  H.  Woerlee,  T.  M.  El  Sherbini, 
and  F.  W.  Saris,  J.  Phys.  B  1^,  L235  (1979). 


J.  NUCLEAR  DATA 

(No  new  entries  here.  See  Vol.  V  for  data.) 
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